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FOREWORD 

I 

i 

CROPWAT is a computer program for IBM-PCs or compatibles; 


To calculate: 


To develop: 


• Reference evapotranspiration 

• Crop water requirements 

• Irrigation requirements 

• Scheme water supply 

• Irrigation schedules 

under various management conditions 


To estimate: 


• Rainfed production and drought effects 


To provide users with directions in the use of the CROPWAT program, a manual and 
guidelines have been prepared, contained in this publication. 


PART 1 MANUAL OF CROPWAT 

Provides directions on the various procedures of the computer program: how to install, to 
set up the program on a computer system, how to print and how to manage the various data 
files. 

The procedures for the various program elements are explained, as well as the input of data, 
the concept of the calculations and the various printouts. 


PART 2 GUIDELINES FOR CROPWAT 

Provides a detailed example on the use of CROPWAT for the planning and management of 
irrigation projects. 

Adequate attention is given to the collection and processing of data for input in CROPWAT. 

Examples are given of the analysis of the printouts for planning, management and evaluation 
of irrigation systems. 

Adequate attention is given to demonstration of the various applications of the Scheduling 
Program in; 

• Indicative Irrigation Scheduling 

• Evaluation of Irrigation Practices 

• Rainfed Production and Supplementary Irrigation 

• Deficit Irrigation 

In the annexes the results of the various calculations are provided in a range of CROPWAT 
printouts. 
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PART 1 


MANUAL OF CROPWAT 
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1. INTRODUCTION 


W'ELCOME TO CROPWAT ••••••••*•••••••••• 


PROGRAM TO CALCULATE IRRIGATION REQUIREMENTS 
AND 

GENERATE IRRIGATION SCHEDULES 


POOD AND AGRICULTURE ORGANIZATION 


LAND AND WATER DEVELOPMENT DIVISION 


VERSION 5.7 - OCTOBER 1991 


CROPWAT is a computer program to calculate crop water requirements and irrigation 
requirements from climatic and crop data. Furthermore, the program allows the development 
of irrigation schedules for different management conditions and the calculation of scheme water 
supply for varying cropping patterns. The program will run on any IBM-PC type of computer 
with a minimum of 360 Kb. 

Procedures for calculation of the crop water requirements and irrigation requirements are mainly 
based on methodologies presented in FAO Irrigation and Drainage Papers No. 24 'Crop water 
requirements' and No. 33 "Yield response to water". Concepts and calculation procedures for 
the irrigation schedules will be presented in a FAO publication on irrigation scheduling, 
presently in preparation. 

The program is meant as a practical tool to help both the Irrigation Engineer and Irrigation 
Agronomist to carry out standard calculations for design and management of irrigation schemes. 
It will further help in the development of recommendations for improved irrigation practices and 
the planning of irrigation schedules under varying water supply conditions. 

CROPWAT version 5.6 is an update of earlier versions and includes a revised method for 
estimating reference crop evapotranspiration, adopting the approach of Penman-Monteith as 
recommended by the FAO Expert Consultation held in May 1990 in Rome. For further details, 
reference is made to the report of the concerned meeting. 

CROPWAT version 5.7, based on the 5.6 version, facilitates the linkage to the CLIMWAT 
program, a climatic data base of 3261 stations of 144 countries worldwide in Asia, Africa, Near 
East, South Europe, Middle and South America. 

The many positive comments and suggestions received on earlier versions have been an 
important encouragement to enhance the program further. Any further suggestions and 
comments are very much welcomed, to be directed to: 

Water Resources, Development and Management Service/AGLW 
FAO, Via delle Terme di Caracalla, 00100 Rome, Italy 
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2 . 


SETTING UP CROPWAT 


2.1 Conditions of Use and Distribution 


•••• FAO COPYRIGHT AND WARRANTY •••• 

All rights resoled. No part of the procedures or program may be reproduced, altered or 
traivaiiitted in any form or by any means without the prior permission of the copyright 
holder, except in the cases of copies intended for security backups or for internal uses (i.e. 
not for distribution with or without a fee to third parties). Applications for such permission, 
explaining the purpose and extent, should be addressed to the Director, Publications 
Division, FAO, Via dclle Terme di Caracalla, 00100 Rome, Italy. 

However, data generated by the program may he used freely, provided that FAO can be 
cited as the source. 

FAO declines all responsibility for any software arors or defidencies, or for any damages 
arising from them, as well for program maintenance and upgrading, and diHrumentation. 
However, users are encouraged to report any such errors or deficiencies of this product to 
FAO. 



............ CROPWAT / Version 5.7 ••••••••••*• 


Computer System: IBM-PC XT/AT or Compatibles 


Developed by: Martin Smith 

Land and Water Devdopment Division 


Literature: FAO Irrigation and Drainage Papers: 

• CROPWAT Manuail and Guiddines 

• Crop Water Requirements 

• Yield Response to Water 


For Information: Land and Water Devdopment Division, FAO, ROME 


2.2 Installation 

The CROPWAT S.7 program comes on one disk (1 .2 Mb, 3 1/4') which contains both program 
flies and utilities and a range of data files. The program files included on the disk permit a 
direct start-up of CROPWAT when the computer is running under MSDOS (version 3.2). The 
program is c^led up by typing, after the system prompt, the name CROPWAT; 


A:> cropwat 
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The program disk contains sufficient space to accommodate additional data files, and the 
program can run on a computer with only one drive. A two disk system is convenient to 
separate programs and data files, and will allow the effective storage of data on separate disks. 

If the PC system is equipped with a hard disk, the CROPWAT program can be installed on the 
hard disk by copying the files from the floppy disk. This can be done by calling up the 
installation program (INSTALLH), which is included specifically for this purpose on the disk: 


A:> installh 


The installation program creates a subdirectory named CROPWAT to which the program and 
data files are copied in the respective directories. The installation program can also be used to 
copy CROPWAT conveniently to differently formatted diskettes, high density and 3'A* 
diskettes. 


2.3 File structure 

The different program files are protected and cannot be addressed direaly. 

The CROPWAT data files are stored in different directories under different names. According 
to the type of data the files are distinguished by their extensions and arranged on three 
directories: 

On the Climate Directory: A:\CLIMATE 

*.PEN climatic data file with monthly data on temperature, humidity, wind and 
sunshine as well as evapotranspiration calculated according to modified 
Penman 

*.CLI climatic data file with monthly data on reference evapotranspiration and 
rainfall together with calculated values of effective rainfall according to four 
possible methodologies 

On the Crop Directory: A:\CROPS 

- *.CRO crop data file containing data on length of growth stages, crop coefficients, 
rooting depth, depletion levels and yield response factors 

On the Field Directory: A:\FIELDS 

*.SOL soil data file with data on available soil moisture 

*.FLD field data file containing date of planting and data on crop irrigation 
requirements. 

The creation and modification of the different data files are done from within the CROPWAT 
program. 

The deletion, copying or renaming of the data files, however, has to be carried out in the MS- 
E>OS system environment, using the appropriate DOS commands, e.g.: 


s 
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A;\CROPS>del c-cotton.cro 


to delete the crop data file c-cotton.crop 
in the crop data directory 


A:\CROP>copy cotton.cro b;\PROIECT to copy the data of the crop file cotton. cro 

to the directory in drive b:\PROJECT 


A:\CROP>ren cotton.cro c-cotton.cro to rename the cotton.cro file in 

c.cotton.cro etc. 


To allow a systematic storage and overview of the different data files, the files are 
alphabetically sorted each time the CROPWAT program is closed. 

By typing in the respective data directories the command: 

A:\CLIMATE > dir •.CU\w 

an outprint of all files will be presented arranged according the file extension and file names: 


Cliwatt files in CliMf Directory A;\CLIMATE ; 


AL JOUF 

CL I 

BERM-DRY CLI 

BERN-HOR 

CLI 

8ERN-UET 

CLI 

BERNARD 

CLI 

HAVA-834 

CLl 

HAVA-DRY CLI 

HAVA-NOR 

CLI 

HAVA-UET 

CLI 

KURN-79 

CLI 

KURN-62 

CLI 

ICURN-AV CLI 

KURN-DRY 

CLI 

KURN-NOR 

CLI 

KURN-UET 

CLI 

MELAUEA 

Cll 

MOSH-ACT CLI 

MOSHI -AV 

CLI 





P«n««n fHes In CHiwte Dlrtctorv A:\CLIMATE: 






BERNART 

PEM 

HAVANA PEN 

KURNOOL 

PEN 

LGOUAR 

PEN 

HELKAUER 

PEN 

MOSHI 

PEN 








Croo files in Croos Directory A:\CROPS: 







ALFALFA 

CRO 

BANANA CRO 

BEANS 

CRO 

CITRUS 

CRO 

COTTON 

CRO 

DATES 

CRO 

GRAINS CRO 

GRONDNUT 

CRO 

MAIZE 

CRO 

MANGO 

CRO 

PADDY 

CRO 

PASTURE CRO 

PULSES 

CRO 

R-COTT 

CRO 

R-CRNOMK 

CRO 

R-GRMDNR 

CRO 

R-PADDY CRO 

R-SORGHU 

CRO 

RICE 

CRO 

SORGHUM 

CRO 

SUGAR BET 

CRO 

SUGARCAN CRO 

TOBACCO 

CRO 

TOMATOES 

CRO 

VEGETABL 

CRO 

U-UHEAT 

CRO 








Field files in 

Fields Directory A:\FIELDS: 







RN-CT061 

FLO 

RM-GR011 FLO 

RN-GR0I2 

FLD 

RN-CR072 

FLO 

RN-GR081 

FLD 

RH-GR082 

FLD 

RH-GR122 FLO 

RN-PD011 

FLO 

RN-PD072 

FLO 

RN-PO073 

FLD 

RN-PD081 

FLD 

RN-P0D62 FLO 

RN-PDI22 

FLO 

RN-P0I23 

FLD 

RN-SC011 

FLD 

RN-S0072 

FLD 

RN-SO081 FLD 







Soil file* in Field* Directory A:\F1ELDS: 







BLCXCLAY 

SOL 

COARSTEX SOL 

FINETEX 

SOL 

HEAVY 

SOL 

LIGHT 

SOL 

LOAM 

SOL 

NED I TEX SOL 

MEDIUM 

SOL 

REDCLAY 

SOL 

SANDLOAM 

SOL 
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3. GETTING STARTED ON CROPWAT 


3.1 Main Menu 

After loading the program, the title and information page appear successively on the screen. 
These are followed by the Main Menu, presenting the different program options of CROPWAT; 


MAIN MENU CROPWAT (5.7) 


PROGRAM OPTIONS; 


1. 

ETo Penman-Monteith calculations 

2. 

Crop water requirements 

3. 

Irrigation schedulii^ 

4. 

Scheme water supply 

-> 5. 

Printer setting 

-> 6. 

Drive & path setting 

9. 

Exit CROPWAT 

Your Option : 5 


Selection of one of the options directs the program to one of the following procedures; 

1. Calculation of Reference Evapotranspiration, ETo, according to the Penman- 
Monteith approach 

2. Calculation of Crop Water Requirements, Effective Rain and Irrigation Requirements 
as well as the Rice Water Requirements calculation 

3. Calculation of Irrigation Schedules 

4. Calculation of Scheme Water Supply 

5. Initialization of the printer for different print modes or writing of files to a special print 
file on disk 

6. Setting of the default drive and directory for the different data files 

The options 1 to 4 are discussed in the next chapters. The printer and drive initialization are to 
be executed at the beginning of the program and are discussed in this chapter. 

3.2 Printer Setting 

During program execution the results of the various calculations can be printed on a connected 
printer or can be written to a separate diskfile, by responding with Y(es) to the following 
question; 
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Do you want to PRINT (Y/N) : ¥ 


1. Printer Initialization 

Program option S 'Printer setting’ of the Main Menu allows to set and test the printing mode 
of the lineprinter, which should be set in the IBM printing mode for drawing of boxes. Unfor- 
tunately some printers have deviating codes for the different printing modes and some settings 
may not work properly with your printer. 


PRINTER SETTING 

To modify the print setting choose one of these options: 

1. 

Standard PICA print 

(10 characters/inch) 

2. 

ELITE print 

(12 characters/inch) 

3. 

CONDENSED print 

(17 characters/inch) 

4. 

Print to DISK FILE 


5. 

Return to Main Menu 



Give your choice (1-5 

: 1 


In addition the letter quality can be set; 

ChooNe for print scttinjE one of these options 

1. Draft print 

2. Letter quality 

Give your choice (1-2) : I 


A test print allows the evaluation of the different print options before a final choice is made. 


2. Printer file 

Instead of writing the results directly to the printer the output tables can be more conveniently 
written to a separate diskfile on a selected directory and drive. This would allow later editing 
of the tables and inclusion in reports. 

The path and a convenient file name needs to be given. 
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PRINTER SETTING 


To modify the print settinj; choose one of these optioas 

Print to DISKFILE selected 

Give the PATH : C:\VfPSI\DOC 

(return for default path A:\) 

Give the FILE-NAME : PmJect.OUT 
(max 8 characters; without exteasion !!) 


All print files are given the standard extension *.OUT and are written in ASCII format and can 
be retrieved in the DOS environment by any editor or word processor. 


3.3 Default drive and oath for data input and retrieval 

To facilitate data saving and retrieval, the various data files can be stored on default drives and 
directories, allowing access to extensive data bases. This is of importance in particular for the 
linkage to the CLIMWAT data base where data are stored in 144 country-based directories on 
a series of disks. 

The default directory can be easily modified within the program and a review of file listings 
provides an extra check on the availability of the correct data files. 

The directories are grouped according to the type of files in climatic data files (*.PEN and 
*.CLI), crop data files (*.CRO) and field data files (*/SOL and */FLD). 


Default DRIVE and PATH setting 


Default Drive and Path for data input and retrieval 


Climatic Data Files : A;\CLIMATE\ 

Crop Data Files : A;\CROPS\ 

Soil & Field Data Files : A:\FIELD\ 

(Press Return for NO change to default .setting ..) 
Change any of the Directories (Y/N) : N 
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When modifying drive and directory, the program will check the existence and readiness of 
drive and directory, and provides an option to view the file listing. 

Once set, each saving and retrieval operation will automatically access the default drive and 
path. 

Saving 

After each input of a new set of data (climate, crop, soil) or when modifications are made to 
existing data files, the user is asked if the data need to be saved on the disk: 


Do you want to SAVE data on DISK (Y/N) : Y 


Care should be taken in naming the data file to be saved. A file name can have a maximum of 
eight characters. Points, commas and blanks are not accepted. No check is made on existing file 
names and a new filename may overwrite an existing file if an identical name is given. Try to 
find a logical, recognizable file name, for instance HAVA-AVE may denote climatic data of 
Havana, Cuba, for an average year, while HAVA-84 contains the climatic data of 1984. 


Retrieving 


Retrieval of previously-saved data is carried out from the default directory. A listing of all 
corresponding files on the screen allows selection and the correct orthographic input. 


RETRIEVE CROP DATA 


The following .CRO files arc on C:\CROPWAT\CROPS\ : 


— 

It 

It 

II 

II 

= — = 


* 


S B B a B B 


ALFALFA 

CRO 

BAHAMA 

CRO 

BEAMS 

CRO 

CABBAGE 

CRO 

CITRUS 

CRO 

COTTON 

CSO 

OATAPALN OK) 

GRAINS 

CRO 

GRAPE 

CSO 

GRASS 

CRO 

GRONDMUT 

CRO 

MIZE 

CRO 

NAMGO 

CRO 

ONION 

CRO 

PAOOT 

CRO 

PASTURE 

CRO 

PEPPERS 

CRO 

POTATO 

CRO 

PULSES 

CRO 

RICE 

CRO 

SILCMAIS CRO 

SQRGMM 

CRO 

SOYBEAN 

CRO 

SUCAR8ET 

CRO 

SUGARCAM 

CRO 

SUNFLOUR 

CRO 

SU'MELQN 

CRO 

TOBACCO 

CRO 

TOHATO 

CRO 

VEGETABL 

CSO 

U'UHEAT 

CRO 

WHEAT 

CRO 








Please enter file name (without .CRO) : grondnut 
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4. ETo CALCULATIONS 


The calculation of reference evapotranspiration from monthly climatic data, according to the 
FAO adapted Penman-Monteith approach, can be made by choosing option 1 in the Main Menu: 


MAIN MENU CROPWAT (5.7) 


PROGRAM OPTIONS: 


-> 1. 

ETo Penman-Monteith calculations 


2. 

Crup water requirements 


3. 

Irrigation scheduling 

* 

4. 

Scheme water supply 


5. 

Printer setting 


6. 

Drive & path setting 


9. 

Exit CROPWAT 



Ynur option ; / 


The program allows both the input of new climatic data for the Penman-Monteith calculations 
as well as the retrieval of an existing data set: 


DATA INPUT ETo 

Input Climate Data for ETo calc. 

1 

Retrieval of ETo data fnan disk 

2 

Return to Main Menu 

3 

Your Choice (1-3) : / 



4.1 Input climatic data 

If Penman-Monteith calculations are to be carried out, data are requested on the following: 

1. Basic information on the climatic station: country name, station name, altitude, latitude 
and longitude. 

2. Monthly climatic data on temperature, relative humidity, daily sunshine and windspeed. 
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4.1.1 Identirication of climatic station 


Information is required on the latitude and altitude of the climatological station from which the 
climatic data are collected. Data on country, climatic station and longitude is optional, as they 
do not affect calculations. The input of the information is presented as in the following example. 


Input Climate Station 

Name Country : 

KBSYA 

Climatological station : 

LODWAK 

Altitude (metres) 

506 metres 

Latitude (0 - 80 *L) : 

3.08 N.L. 

Longitude (0 - ISO *L) : 

3537 E.L. 


NOTE; If in the southern hemisphere, the latitude should be given as a negative value, 
likewise the longitude is noted negative for the western hemisphere. 


Although by default the calculations will be carried out over all 12 months of the year, the data 
input may be restricted to a limited number of months, in response to the following questions: 


How many months to calculate (1-12) : 12 

Give first month for data input (1-12) : 1 

(January - Dec) 


Mean monthly temperatures can be given as average daily temperature or as separate maximum 
and minimum temperatures. For one data set, this option should be set in advance: 


Mean monthly temperatures can be given as: 

1. Average daily temperature 

2. Max. and min daily temperature 


If mistakes have been made or to modify any information given on the climatic station, respond 
‘Y’(es) to the next question: 


Any correction on Climatic Station (Y/N) : T 
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4.1^ Climate data input 

After the information on the meteorological station has been provided, the input of climatic data 
on temperature, humidity, sunshine and windspeed is requested for each month. 


Temperature: Temperature data are provided in degrees Celsius either as average 

temperature or as maximum and minimum temperature data from which the 
average is calculated. 

Air humidity: Air humidity can be given as: 

Relative humidity expressed in percent (10-100); or as 
Vapour pressure in IcPa (1-9); 


The program automatically distinguishes between vapour pressure values 
(< 10 kPa) and relative humidity (10-100%)'. 

Daily sunshine; The daily sunshine can be given as: 

- percentage (20-100) of the ratio sunshine/day length; 
fraction (0-1) sunshine/day length; or as 

- hours sunshine (1-20). 


Values > 20 are interpreted as daily sunshine in %. 
Values < 1 as daily sunshine as fraction. 

Values > 1 and < 20 as sunshine in hours. 


Windspeed: Windspeed can be given in km/day (10-500) or in mJs (0 -10). 

Values > 10 are interpreted as windspeed in km/day. 

Values < 10 are interpreted as windspeed in m/sec. 

All values concern averages of daily windrun measured over 24 hours. 


Climatic Data Input 




DaU for April 

Mean maximum temperature (°C) 


32.6 

•c 

Mean minimum temperature (^C) 

: 

23.2 

®c 

Air humidity {% or kPa) 

: 

SO 

% 

Windspeed (km/day or m/s) 

: 

129 

km/day 

Daily sunshine (hours or %) 


8.4 

hours 


If vapour pressure (e,j) is given, RH„,^ is calculated according to RH,^„ = SO (l/Ct(Tmin) 
'^®>(Tmax)- 
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After completion of the data input, possible corrections can be made, followed by a display of 
the input data and calculated reference evapotranspiration. 


Mooth 

MaxTemp 

•c 

MiaTcBp 

•c 

Humid 

% 

Wmd 

km/day 

^tnahinp 

boars 

Radiatioii 

MJ/nVday 

ET»- 

PeaMoa 

mm/day 

January 

32.6 

23.2 

so 

129 

8.4 

22J 

5.49 


Any corrections ... ? (Y/N) : N 


Calculation of reference evapotranspiration is carried out according to the PenMon method as 
recommended by the FAO Expert Consultation held in Rome in May 1990. For details on the 
calculation procedures, reference is made to the concerned report of the meeting. 


4.2 Retrieval of ETo data from disk 

Option 2 in the ETo data input of the Penman subprogram allows the retrieval of previously- 
saved data (files with extension PEN). A display of all concerned data files is shown from 
which the desired data file can be selected: 


Retrieve ETo & Climate Data 


The following .PEN files are on C:\CROPWAT\CLBUTE\ : 

Kaiuar pea havxma pen kuinool pen loouan pen meuca-ue pen 


Ptea.se enter file name (without .PEN) ; lodwar 


4J Output 

The results of ETo calculations are presented together with the climatic data' in a table, as 
shown. The table can be printed on the line printer (make sure the printer is properly 
connected !!) written to the printfile on a selected directory by answering Y(es) to following 
question: 


Do you want to PRINT the climatic data (Y/N) : N 


Data from the CLIMWAT data base are given a reference to the source of climatic data as well 
as information on the length of the climatic data records. 
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Reference Evapotraaspiralion ETo according Penman-Monteilh 


— 




s: s: IS ss z = s 

: s s z 3 

U 

tl 

It 

N 

II 

33 

— — 

Country : 

Ethiopia 

Melet) Station : 

Melka Wer«r 

(13 yr) 

Altitude : 

737 metres 

Coordinates 

: 

9.28 N.L. 

40.23 E.L. 

Mootb 

MaxTemp 

MiaTnop 

ilunud. 

Wind 

Suiuluae 

Radiation 

ETo- 


•c 

•c 

% 

km/day 

hours 

MJ/mVda 

PeoMon 







y 

mm/day 

Jacmary 

31.6 

15.7 

55 

147 

8.4 

19.7 

4.8 

Febniary 

32.8 

163 

55 

U1 

83 

213 

4.9 

Marck 

343 

18.7 

52 

113 

83 

22.4 

53 

April 

36.0 

19.7 

53 

104 

8.4 

223 

5.4 

May 

36.4 

203 

47 

112 

83 

21.8 

53 

June 

37.4 

23.7 

42 

181 

83 

21.6 

6.6 

July 

35.0 

213 

56 

181 

73 

19.9 

5.8 

August 

333 

20.0 

62 

147 

7.0 

20.0 

53 

September 

35.1 

203 

54 

130 

73 

213 

5.4 

October 

34.6 

16.9 

47 

112 

9.1 

22.4 

S3 

Novccaber 

323 

14.4 

49 

121 

93 

21.6 

5.0 

December 

313 

133 

40 

104 

93 

203 

4.4 

YKAR 

343 

183 

51 

131 

8.4 

21.4 

1933 


Cliuatk lUU compiled by FAO Apro'oiceeorokiaical ucul 


Possible modirications can be made: 


Any modification (Y/N) : S 


which allow any individual month to be recalculated. Incorrect data for April for instance, can 
be modified by responding: 


How many months to recalculate (I-I2) : / 

Give first month for data input (1-12) 4 (April) 


A new set of climatic data and ETo values or a possible modification of the climatic data can 
be saved on disk for future reference: 


Do you want to SAVE the ETo data (Y/N) : ¥ 


The user will be asked to provide an appropriate name for the data file. 
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The program will proceed to the Main Menu of CROPWAT: 


Return to Main Menu (Y/N) : Y 


or will be directed again to the ETo input menu when responding N(o). 
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5. CROP WATER REQUIREMENTS 


Option 2 from the Main Menu should be selected to proceed to the calculation of crop water 
requirements: 


MAIN MENU CROPWAT (5.7) 


PROGRAM OPTIONS: 

I. 

ETu Penman-Monteith calculations 

-> 2. 

Crop water requirements 

3. 

Irrigation scheduling 

4. 

Scheme vtuter supply 

5. 

IVinter setting 

6. 

Drive & path setting 

9. 

Exit CROPWAT 


Your Option : 2 


This program element forms the central part of the CROPWAT program and is subdivided into 
three distinct parts: 

5. 1 the input and processing of monthly evaporation and rainfall data 

3.2 the input of crop data and planting date 

3.3 the calculation and output of crop water requirements. 

The different program steps will be discussed in the following chapters. 

5.1 Input Climate data 

For the calculation of crop water requirements monthly data on reference evapotranspiration 
(ETo) and rainfall are required. For the input, the following options are given: 


INPUT ETo and RAIN DATA 


ETo and rainfall for CWR calculation 

1 . 

Input of ETo and rainfall data 

2. 

Retrieve ETo and rain data from disk 

3. 

Retrieve ETo data from disk, rain new input 

4. 

Calculate ETo - PenMon from climatic data 

5. 

Return to Main Menu 


Your Choice (1-4) ; 1 


17 


Copyrighted mat-ial 




The input of data on reference evapotranspiration (ETo) and rainfall (P^*). can be carried out 
either as: 

1. Input of both ETo and rain monthly values from keyboard; 

2. Retrieval from disk of both ETo and Rain values from previously saved climate file 
(*.CLI). A listing of available climate files on disk will be displayed. 

3. Retrieval of ETo values from disk on Penman files (*.PEN) and input of monthly rain 
values from the keyboard. A listing of available ETo files will be displayed. 

4. Return to PENMAN program to calculate ETo from climate data, for which data on 
temperature, humidity, sunshine and wind are required. 

In the selection of the monthly climatic data, special consideration should be given to the type 
of rainfall data. For planning purposes, average monthly values are normally taken, while for 
design purposes more extreme values corresponding with a certain probability of exceedance 
(70 - 80 %) are used. Analyses of long term data sets are required for this. For further details 
reference is made to the concerned literature and the examples given in the CROPWAT 
guidelines. 


5.1.1 Input of ETTo and rainfall from keyboard 

The monthly ETo values identified by the name of the climatological station can be given in 
mm/day or in mm/month. The ETo data can be calculated according to Penman-Monteith using 
the PENMAN program section of CROPWAT, but can be obtained also through separate 
calculations using one of the correlation formulas such as Penman, Radiation, Blaney-Criddle 
from Evaporation Pan data or any other ETo method. 


CLIMATIC DATA INPUT 

Name Climatological station: Rondugei 

Wilt you give the Reference Evapotranspiration in: 

ETo in mm/day for each month 1 
ETo in mm/monlh 2 

Your choice: ? / 


For the calculation of irrigation requirements an input of monthly rainfall data is required. The 
rainfall data used can be : 

average data 

actual or historical data; 

dependable rainfall; 

For the latter type a statistical analysis has been carried out from a long term series of 
historical data. Rainfall data related to a certain probability of exceedance are thus defined and 
used in the calculations. 
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REFERENCE EVAPOTRANSPIRATION (ETo) INPITT 


Reference Evapolranspiration in mm/day 


ETo January 

? 6.1 

ETo February 

■! 6 J 

ETo March 

? 6.1 

ETo April 

? 5.4 

ETo May 

? 4.4 

ETo June 

7 4.0 

ETo July 

? 4.0 

ETo August 

? 4.6 

ETu Sqitember 

? 5.5 

ETo October 

7 6.0 

ETo November 

7 6.2 

ETo December 

7 6.4 


Any chunges in ETu input (Y/N): N 


RAINFALL DATA INPUT 


Give Monthly Rainfull in nim/inonth 


Rainfall in January 

•> 

31 

Kainfull in February 

9 

38 

Rainfall in March 

9 

75 

Rainfall in April 

9 

204 

Rainfall in May 

9 

JJS 

Rainfall in June 

9 

IS 

Rainfall in July 

9 

6 

Rainfall in August 

9 

to 

Rainfall in September 

9 

12 

Rainfall in October 

9 

23 

Rainfall in November 

9 

30 

Rainfall in December 

9 

41 

Any changes in Rain input (Y/N): N 


If only crop water requirements are required, the input of rainfall data can be set to ZERO, 
which effectively makes crop water requirements equal to irrigation requirements. 

After input of data from the keyboard, the program will continue with the calculation of the 
effective rainfall as explained in section S.1.3. A set of climatic data can be saved on disk and 
retrieved at a later program session: 


Do you want to SAVE data on DISK ? (Y/N); F 


!• 





The file name may include a reference to both the climatic station and to the type of data as 
shown in disk file table below. Notations like -NOR, -AVG, -DRY, -WET or -87 refer to 
statistically processed rainfall data with normal, average, 80%, 20% probability of exceedance 
or to historical data sets (for instance 1987). 


5.1.2 Retrieval ETo and rain data from disk 


The different climatic data files on disk, saved after earlier sessions or from the CLIMWAT 
data base, will be shown on screen from which a choice can be made: 


RETRIEVE CLIMATIC DATA 


The following Tiles are on the data-dlsk: 


AL-JOUf 

ai 

BERN-DRY 

CLl 

BERN -NOR 

ai 

8ERN-UET 

CLl 

BERNARD 

ai 

AVA-834 

CLI 

NAVA-DRY 

ai 

HAVA-HGR 

ai 

HAVA'UET 

ai 

KURN-79 

ai 

njRN-82 

ai 

KURN-AV 

ai 

KURN-HGR 

ai 

KURN-UET 

ai 

MELAUER 

CLl 

NOSH-ACT 

ai 

NOSHl'AV ai 












s s a: s s 




Please enter your file name (without ext. !): kum-av 


5.13 Effective rainfall options 

As input of monthly rainfall, the average, dependable or actual rainfall data can be given. Care 
should be taken in selecting appropriate values for the dependable rainfall, based on separately 
carried out statistical analyses of long-term rainfall records. 


EFFECTIVE RAINFALL 


Effective rainfall calculated accordinji to: 

Fixed percentage of rainfall 

1 

Dependable Rain (empirical form) 

2 

Empirical formula (locally dev) 

3 

USDA Soil Coaservation Service 

4 

Rainfall not considered 

5 

Return to climate data screen 

6 

INFORMATION on effective rain 
Your option (0*6): / 

0 

Give percentage of effective rainfall: 

? 80 


20 


Copyrighted matiriai 




Dependable rainfall is defined as rainfall with a probability of exceedance of respectively ; 

80 % probability of exceedance, characterizing a "dry’ year with rainfall in 4 out of S 
years exceeding, used as criteria for dimensioning of the irrigation system as well as for 
irrigation management to simulate a dry year supply schedule, 

50 % probability, representing a "normal" year, approaching the average value, 

20 % probability representing a "wet" year, used in irrigation management to simulate 
a wet year supply schedule. 

To account for losses due to surface runoff and deep percolation the effective rainfall is used. 

Four different methodologies are given to determine the effective rainfall. The different options 
are; 

1. Fixed percentage of rainfall: effective rainfall is calculated according to; 

where a is a fixed percentage to be given by the user to account for losses from runoff 
and deep percolation. Normally losses are around 10 to 30%, thus a = 0.7 - 0.9. 

2. Dependable Rain: based on an analysis carried out for different arid and sub-humid 
climates an empirical formula was developed in FAO/AGLW to estimate dependable 
rainfall, the combined effect of dependable rainfall (80% prob.exc.) and estimated losses 
due to runoff and percolation. This formula may be used for design purposes where 80% 
probability of exceedance is required. 

Calculation according to: 

P^f = 0.6 P,o, - 10 for P^^ < 70 mm 
Peff = 0-8 Ptot - 24 for P,^ > 70 mm 

3. Empirical formula: The parameters may be determined from an analysis of local climatic 
records. An analysis of local climatic records may allow an estimation of effective 
rainfall. The relationship can, in most cases, be simplified by the following equations: 

Pjff = a P,o, + b for P,„ < z mm 
Petr = c P|oi + d for Py„ > z mm 
values for a, b, c and z are correlation coefficients. 

4. USDA Soil Conservation Service Method: where effective rainfall can be calculated 
according to; 

P«rr = Pv. (125 - 0.2 P.J/125 for P^ < 250 mm and 
P;I[= ifs + O.lP^ forP;^> 250mm 

Note: In the water balance calculations, carried out for the irrigation scheduling (Chapter 

7), the intake of rain into the soil is determined on a daily basis and rainfall losses 
due to deep percolation and surface runoff are estimated according to actual soil 
moisture content in the toot zone. Total rainfall and nsjl effective rainfall is therefore 
used for the water balance calculations; effective rainfall is calculated over the total 
growing season. 
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5.1.4 Processing of climatic data 

Calculation of effective rainfall is carried out according to any of the four indicated 
methodologies. For the crop water requirement calculations. 10-day values of ETo and Peff are 
used. To convert monthly data to 10-^y values, a linear interpolation is carried out. 

Values for first and third decades are found by interpolation with the preceding and successive 
month respectively. To compensate for deviations in the maximum and minimum months, a 
reiteration is carried out to fulfil the condition that the 3 decade values average the given 
monthly average. The reiteration will take some seconds and the following message appears 
briefly on the screen: 


Calculating decades .... Wait 


5.1.5 Output 

The climatic input data are presented in a table of monthly values of ETo, P,^ and Peff with 
information on the climatic station and the effective rainfall method used. 


Counti7 : Burundi Climnte Station; Rondugei 



ETo 

(mm/duy) 

Rainfall 

(nun/month) 

Eff. Rain 
(mm/month) 

January 

6.1 

31.0 

24.8 

February 

6.3 

38.0 

30.4 

March 

6.1 

75.0 

60.0 

April 

5.4 

204.0 

163.2 

May 

4.4 

115.0 

92.0 

June 

4.0 

15.0 

12.0 

July 

4.0 

6.0 

4.8 

Auj^ust 

4.6 

10.0 

8.0 

September 

5.5 

12.0 

9.6 

October 

6.0 

23.0 

18.4 

November 

6.2 

30.0 

24.0 

December 

6.4 

41.0 

32.8 

\TAR Total 

1975.0 

600.0 

480.0 mm 


ElTective Rainrall: 80% 


The results can be at this stage printed to printer or printfile and saved if they concern a new 
data input or a modified data file. 
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Revise Data input or EfT. Rainfall method (Y/N) : N 


Revise Effective Rainfall method (Y/N) i S 


Do you want a PRINTOUT of climatic data (Y/N) : N 


Do you want to SAVE the climatic data input (Y/N) : S 


In a separate menu the climatic data are saved under an appropriate name to be given by the 
user. 


SAVE CLIMATIC DATA 


Climate File: kum-nor Climate Station: KURNOOL 


Give the FILE-NAME : kum-nor 
(max 8 characters; without extension !!) 


Also modincations of the effective rainfall method or of another climate file can be done which 
will bring the user back to the concerned program sections. 


5.2 Input of crop data 

The input of crop data may concern either the input of new data (option 1) or the retrieval of 
data saved earlier (option 2). 


CROP DATA INPUT 


Crop data from keyboard 1 

Retrieve crop data from disk 2 

Return to main menu 3 

Your choice 7 N 


The program disk contains data files for a range of over 30 crops with general data based on 
global values (see FAO Irrigation and Drainage Paper No 24 'Crop water requirements' and 
No 33 'Yield response to water'). The crop data should be adjusted to local available data 
obtained through surveys or from recommendations of agricultural research stations. 
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5 J.l Input of crop data from keyboard 

The input of crop data required for crop water requirement calculations is carried out with the 
help of an input table as shown below. Either an empty table is given (option 1) or an existing 
crop data table is modified and separately saved. 

Note : For the input of rice data a different procedure is followed, described in chapter 6: 


CROP DATA INPirr 


Crop : GROUNDNUT Crop file : grondnut 


Growth stage 


Initial 

Devel 

Mid 

Late 

Total 

Crop stage 

[days ] 

20 

40 

45 

30 

130 

Crop coefTident 

[coeff.] 

0.40 

-> 

l.IO 

0.70 


Routing depth 

[metre ] 

0.30 

-> 

0.80 

0.80 


Depletion level 

(fract.) 

0.45 

-> 

0.45 

0.50 


Yield response f. 

[coeff.] 

0.40 

0.60 

1.00 

0.80 

0.80 


1. Lengths of the individual growing stages: Initial phase (A), development stage (B), 
mid-season (C) and late season (D). The length of the total growing season is calculated 
and can be used to check the input. The length of the growing stages will depend mainly 
on variety and growth conditions, in particular temperature. Values need therefore to be 
checked and adjusted for each location and growing season. 

2. Crop factors (Kc) for initial stage, mid-season stage and at harvest are to be given. Kc 
values for development stage are interpolated. Indicative values for lengths of growing 
stages and Kc values can be found in Annex I. A range of crop files are included with 
CROPWAT which can be used as reference values. 



Figure I Crop coefTiciciU curve 


For calculation of irrigation schedules , additional inputs are required on rooting d^th, depletion 
levels and yield response factors. 
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3. Rooting depth (D): The depth of soil water which can be used effectively by the crop, 
defined as the Readily Available Soil Moisnire (RAM), depends directly on the rooting 
depth of the crop. Two values are required: 

- rooting depth of initial stage, normally taken as 0.2S - 0.30 m, representing the 
effective soil depth from which the small seedling abstracts its water; 

- rooting depth at full development at start of mid-season. For most irrigated field crops 
values vary between 1 and 1.40, vegetable crops 0.50 - 1.00. 

Rooting depth at development and late season are interpolated values and no input is 
required. 

4. Allowable depletion (p) represents the critical soil moisture level where first drought 
stress occurs affecting evapotranspiration and crop produaion. Values are expressed as 
a fraction of total available soil moisture and normally vary between 0.4 and 0.6, with 
lower values taken for sensitive crops with limited root systems under high evaporative 
conditions, and higher values for deep and densely rooting crops and low evaporation 
rates. 

5. Yield response factor (Ky) to estimate yield reductions due to drought stress; yield 
response factors have to be given for each growth stages. 

Values for the different crop characteristics can be found in Annex 1. For further details, 
reference is made to Irrigation and Drainage Papers 24 and 33. 

For perennial crops a somewhat different procedure needs to be followed as the four growth 
stages as distinguished for seasonal crops do not normally coincide with those of the perennial 
crops. For CROPWAT calculations, Kc can be taken constant over the year (four stages of 90 
days) with planting date 1 January or four stages can be distinguished in the growing season and 
a convenient planting date selected. To illustrate the procedures, reference is made to the 
examples given in Annex 4. 


5J2.2 Retrieval of crop data from disk 


Input of crop data can be made from files previously saved on disk. A list of the available crop 
files is presented from which a choice can be made: 


RETRIEVE CROP DATA 


The following .CRO file are on C:\CROP\VAT\CROPS\ : 


ALFALfA 

CRO 

BANANA 

CRO 

BEANS 

CRO 

CABBAGE 

CRO 

CITRUS 

CRO 

COTTON 

CRO 

DATEPALN 

CRO 

GRAINS 

CRO 

GRAPE 

CRO 

GRASS 

CRO 

GRQNDW/T 

CRO 

MAIZE 

CRO 

MANGO 

CRO 

ONION 

CRO 

PAOOT 

CRO 

PASTURE 

CRO 

PEPPERS 

CRO 

POTATO 

CRO 

PULSES 

CRO 

RICE 

CRO 

SILGHAIS 

CRO 

SORCMft 

CRO 

SOYBEAN 

CRO 

SUGARBET 

CRO 

SUCARCAM 

CRO 

SUHFLGUR 

CRO 

SV'NELON 

CRO 

TOBACCO CRO 

TOMATO 

CRO 

VEGETABL 

CRO 

W'UHEAT 

CRO 

UHEAT 

CRO 








Please enter file name (without .CRO): grondaul 
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5 J.3 Printing and saving of crop data 


To allow a quick overview of the crop data, data are displayed. Possible modifications of any 
crop data can be conveniently carried out at any stage of data input. For any modification in 
crop data the user is prompted for a saving under a separate file name: 


Any modifications on crop data 

(Y/N) Y 

- Revise lei^th gniwth 

(Y/N) Y 

- Revise Crop CoefTicient 

(Y/N) S 

- Revise Rooting Depth 

(Y/N) N 

- Revise Allowable Depletion 

(V/N) /V 

- Revise Yield Response Factor 

(Y/N) N 

Other Crop Input 

(Y/N) N 

Also a printout of the crop data table is possible: 

Do you want to PRINT the crop data (Y/N) Y | 


If a new set of data has been given, or if crop data have been modified, the user is prompted 
for saving under a separate file name: 


Do you want to SAVE the crop data (Y/N) Y 


Care should be taken in naming the crop file. The program disk contains a series of standard 
crop files which may be used as a reference. To distinguish the standard files from future crop 
files, a clear notification should be used. It is recommended to use a one or two letter prefix 
code (C-COTTON) to distinguish typical project crop files which, through the automatic sorting 
routine, can be easily identified. 


SAVE CROP DATA 


Crop File : r-grondn Crop: GROUNDNUT 


Give the FILE NAME : r-grondn 
(max 8 characters; without extension !!) 


26 


Copyrighted m. ‘ -lal 





5.2.4 Planting date 


The date of planting is a separate crop data input, normally to be determined from climatic 
conditions (for instance rainy season) and local agricultural practices. The user can, for the 
same crop and the same climatological station, choose different planting dates. This is useful 
for the study of different cropping patterns and the calculation of scheme water supply 
schedules. 


PLANTING DATE 


Climate File : kurn-nor Cl. Station ; KURNOOL 
Crop File : r.grondn Crop Name : GROUNDNUT 


For ETcrop calculutioas give PLANTING DATE : 

Planting month (1-12) : // (November) 

Planting da> (1-30) ; 20 

Harvest on : 10 March 

Any changes in the planting date (Y/N) : N 


S3 Crop water requirements results 
5.3.1 CWR calculations 

The calculation of crop water requirements is carried out per decade. For reasons of simplicity 
all months are taken to have 30 days, subdivided into 3 decades of 10 days. ETo and Peff 
values are determined as indicated in seaion 4. 1 . 

The crop factor, Kc, is determined for each decade following the procedure as shown in Figure 
I and Annex 1 . Values in the initial and midseason stages are constant as given in crop data 
input. Values in the development stage and late season stage are calculated by linear interpo- 
lation. The average daily crop evapotranspiralion (ETcrop) is determined according to: 

ETcrop = Kc . ETo 

Crop evapotranspiralion per decade is calculated by multiplication of the number of effective 
crop days. This will normally be 10, except in the first and last decade when planting date and 
harvest date do not necessarily coincide with the beginning or end of the decade. 

Irrigation requirements (In) are determined by: 

IRReq = ETcrop - Peff 

calculated similarly to ETcrop, as average per day and decade as well as for the total season. 


533 Output and print of CWR 

The results of the calculations are presented in table form on screen. 
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Crop Evapotranspiration and Irrigation Requirements 


Climate File : kum-nor Climate Station : KlIRNOOL 

Crop ; GROUNDNUT Ptanting Date ; 20 November 


Month 

Dec 

Stage 

Coeff 

Kc 

ETcrop 

mm/dajr 

ETcrop 

mm/dec 

EfT.Raio 

mm/dec 

IRReq. 

mm/day 

IRReq. 

mm/dec 

Nov 

3 

inU 

0.40 

1.42 

14.2 

3.6 

1.06 

10.6 

Dw 

1 

uiU 

0.40 

1.38 

13.8 

2.1 

I.I7 

11.7 

D<x 

2 

deve 

0.50 

1.68 

16.8 

0.5 

1.63 

16J 

Dvc 

3 

deve 

0.70 

2.46 

24.6 

0.4 

2.42 

24.2 

Jan 

1 

deve 

0.90 

3.30 

33.0 

0.2 

3.28 

32.8 

Jan 

2 

mid 

1.00 

3.82 

38.2 

0.0 

3.82 

38.2 

Jan 

3 

mid 

1. 00 

4.16 

41.6 

0.4 

4.13 

41 J 

Feb 

1 

mid 

1.00 

4.S1 

45.1 

0.7 

4.44 

44.4 

Feb 

2 

mi/H 

0.07 

4.70 

47.0 

].l 

4.60 

46.0 

F>b 

3 

Ulc 

0.08 

4.56 

45.6 

0.9 

4.48 

44.8 

Mar 

1 

late 

0.76 

4.20 

42.0 

0.7 

4.13 

413 

TOTAL 





362.0 

10.5 


351.5 




The output of Crop Water Requirement can be sent to printer or printfile: 


Do you want a PRINTOUT of the data output (Y/N) : Y 


5.33 Saving of CWR 

The saving of the crop water requirements is needed when scheme water supply calculations 
(option 4 Main Menu CROPWAT, see chapter 8) or irrigation scheduling (option 3 Main Menu 
CROPWAT) are to be carried out. The results of the CWR calculations can therefore be saved 
on a so-call^ field file (*.FLD). 


Save Irrigation Requirement data as FIELD-File on di.sk for FXJTURE calculatioas on 
SCHEME WATER REQUIREMENTS : Y 


Any name can be given to the field file, but as crop water requirements are specific to the 
planting data, the crop type and the climate, the name of the field file should preferably provide 
an adequate reference to crop, climate and planting date in order to allow easy identification. 
The following 8-digit codification of the field files is therefore proposed; 

1. Scheme code: 2 characters or digits e.g. scheme name RAJOLIBANDA; code RA or R- 

2. A climatic data code can be given if calculations are to be carried out for different types 
of climatic data, e.g. for average, wet or dry years a one-letter code can be used while 
for historical data of a certain year a two digit code can be used, such as: 
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SAVE ETCrop & IRR.REQ 


Climate nie: KURN-AV Climatic station : KURNOOL 

Crop file : GRONDNUT Plant date : 1 November 


To save the calculated crop water requirement data for tlie given planting 
date, give an identifiable file name. Notations such as RA-GN 112 may be used 
for GROUNDNUTS planted 2nd decade of NOV EMBER (11) using Average 
climatic data of the Btgulibanda project. 

Give tbe FILE-NAME :t KA-GM12 
(max 8 characters; without extension !!) 


average data: A wet year: W 

dry year: D actual data 1986: 86 or 6 

3. Crop code: 2 characters or digits 


Alfalfa: 

AL 

Banana: BA 

Cabbage: 

CA 

Citrus: 

Cl 

Cotton: cn" 

Grape: 

GP 

Groundnut: 

GN 

Maize: MZ 

Melon: 

ML 

Olive: 

OL 

Onion: ON 

Pea: 

PE 

Pepper: 

PP 

Pineapple: PA 

Potato: 

PO 

Rice: 

RC 

Sunflower: SF 

Sorghum: 

SO 

Soybean: 

SY 

Sugarbeet: SB 

Sugarcane: 

SC 

Sunflower: 

su 

Tobacco: TB 

Tomato: 

TM 

Watermelon: 

WM 

Wheat: WH 




4. Planting date: 3 digits e.g. Month: Jan - Dec: 01 - 12 Decade: I - 3 


Examples of field files for a certain cropping pattern may be as follows: 


Project: 

Climatic Data: 
Cropping Pattern: 


Rajolibanda 

Normal Data 

Crop 

Rice 

Rice 

Rice 

Cotton 

Sorghum 

Groundnut 

Groundnut 

Maize 


PI. Date 
1 July 
10 July 
20 July 
IS June 
IS June 
I November 
1 December 
10 November 


Field-File 

RN-RC071 

RN-RC072 

RN-RC073 

RN-CT062 

RN-S0062 

RN-GNlll 

RN-GN121 

RN-MZ112 


The automatic sorting will conveniently group identical files together. 
5.4 Program continuation 

Several options exist at this stage to continue the program: 
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1. Proceed with the calculated irrigation requirement of the concerned crop to the irrigation 
scheduling program. 

2. Calculate crop water requirements for the same crop and climatic data set but for another 
planting date. 

3. Calculate crop water requirements for the same climatic data set but for another crop and 
another planting date. 

4. Take another climatic data set and restart crop water requirement calculations for a new 
crop and new planting date. 

5. Return to main menu. 


CONTINUE CALCULATIONS 


Climate File : kurn-nur Cl. Station : KURNOOL 

Crop file : r-grondn Plant dale : 20 November 


To amtinue the program you have the following Options: 

1. Proceed to irr. scheduling of GROUNDNUT 

2. Revise PLANTING date of GROUNDNUT 

3. Take another CROP 

4. Take NEW set of CLIMATIC data 

5. Return to MAIN MENU 

Give your option (1-5) : 3 


Reference is made to the concerned chapters for continuation of the program. 
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6. RICE WATER REQUIREMENTS 


The calculation of the irrigation requirements of wetland rice is different from other field crops. 
Extra irrigation water is required not only to cover evaporation losses but also to compensate 
for the percolation losses in the inundated fields. Furthermore, prior to transplanting, substantial 
irrigation water is required for the land preparation and the nursery. Input and calculation 
procedures will therefore differ from those of other crops for which a separate program is 
included in CROPWAT. 

The rice program is called up automatically whenever the crop name (both for new data input 
and for input from disk) RICE or PADDY is given. Also names like R-Rice or T-Paddy 
referring to specific project crop files and names like RICERABI or PADDY2 are accepted and 
will call up the rice program. REDRICE and ARICE however will be conceived as normal field 
crops. 


6.1 Input of rice data from keyboard 
Data input required for rice include: 


RICE DATA INPUT 

Crop : RICE 



Growth period 

Length stage 

Crop coeniclent 

Nursery 

30 days 

1.20 

Lund preparation 

20 days 

_ 

Initial stoj>e (A) 

20 days 

1.00 

Devdupment stage (B) 

30 days 

— 

Mid season (C) 

40 days 

1.05 

Late season (D) 

30 days 

0.80 

Total 

ISO days 


Nursery area 

10 % 


l,and preparation 

180 mm 


Percolation rale 

1.5 mm/day 



Any modifications (Y/N) : iV 



1. Length of 6 growth stages: Normally upland crops will have 4 growth stages. In 
wetland rice this is extended to 6 stages to include the nursery and land preparation 
periods (see Fig. 2). 

The length of the different stages is defined as follows: 

- Length of nursery period: number of nursery days starting from land preparation 
nursery area to transplanting of rice. 

- Length of land preparation: number of days required to carry out land preparation 
and inundation prior to transplantation for given irrigation unit. Normally land 
preparation will fail within the nursery period. 
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- Lengths of initial period (A), development stage (B), mid-season (Q and late 
season (D) are defined similarly to those for field crops. 

2. Crop factors (Kc); each of the 6 growth stages will be allocated a crop faaor. As rice 
is permanently inundated, the crop factor represents values for the combined effect of 
crop transpiration and open water evaporation. Values will vary from 1.0 to 1.2. In late 
season a lower value (0.9) can be taken to account for the drying out of the soil profile. 

3. Nursery area; the area covered by the rice nurseries will occupy only a fraction of the 
total area. Crop water requirements will be proportionally reduc^. An input is therefore 
required of the area covered by the nursery area as a percentage of total cultivated area. 

4. Land preparation depth: for land preparation and inundation a considerable amount of 
irrigation water is normally required, normally given in two irrigations. A first 
application to bring the soil to saturation (+/- 100 to ISO mm), after which puddling and 
land cultivation are carried out. Prior to transplanting, a second irrigation for inundation 
of a water layer to 100 mm is effected. 

The total irrigation requirements for land preparation amount to 200-300 mm. This high 
momentary irrigation requirement for inundation and land preparation for a given rice 
area is spread over the land preparation period by rotating irrigation supply over the fiel- 
ds. A longer land preparation period will result therefore in lower daily irrigation 
requirements. 

5. Percolation rate: depending on soil type and groundwater levels, the inundated rice fields 
will have a continuous water percolation to the deeper layers. This percolation process 
is favourable for plant growth as the water movement will keep oxygen content within 
the soil at a reasonable level. 

Normal percolation rates are 1-3 mm/day, but rice fields on light soils and slopes may 
have as much as 10-20 mm/day. 

6.2 Saving of rice data 

After input or modification of the rice data the user can SAVE the input of rice data: 


Do you want to SAVE data on DISK (Y/N) ; Y 


To be able to retrieve the rice data afterwards and tun the rice program, the name of the rice 
file should contain the words RICE or PADDY. 

The rice water requirements sub program is automatically called up when the file name begins 
with 'RICE' or 'PADD’ or when the name starts with a two letter code and then 'RICE' or 
'PADD': Names like C-RICE, RICE2 or PADDY are allowed. A name such as REDRICE will 
be considered as a field crop and the data input will be incorrectly stored. 

6J Retrieval of rice data from disk 

Selection of RICE or PADDY files can be made from the previously saved file, and is called 
up from the CROP input menu, as has been explained in section S.2.2. The ftle name containing 
RICE or PADD will automatically call up the rice program. 
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6.4 Date of transplantiny 

The procedures for input of the transplanting data are as shown in the following screen print. 


TRANSPLANTING DATE 


Climate file ; kum-nur Cl. station : KURNOOL 

Crop file ; rice Crop name ; RICE 


Fur ET-rice calculations give DATE of TRANSplanting: 

Month of TRANS-Plant (1-12) : July 
Day of TRANS-Plant (1-30) : 20 
Date of nursery preparation : 20 June 
Dale of harvest : 20 Novemher 

Any changes in the Planting Date (Y/N) : N 


6.5 Rice irrigation calculations 

Rice irrigation requirements include the combined effect of evapotranspiration and percolation 
and the requirements for land preparation and nursery before transplanting. 

Evapotranspiration and percolation occur as soon as the fields are inundated. During the nursery 
period ETo and percolation are accounted for only over that area covered by the nursery. 
During the land preparation this area increases daily with more land being inundated until the 
area is fully covered at transplanting. The area factor in the printout shows the average area 
coverage over the 10-day period. 

Figure 2 illustrates the calculation procedures for rice irrigation requirements during nursery 
and land preparation periods and after transplanting. 



Figure 2 


Water requirements of rice 


WATER REQUIREMENTS RICE 


Aron 


: ISO mm 

! Land Preparat 
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6.6 Rice irrigation output 


Results of the rice irrigation requirements are presented on screen and if desired on the printer. An example 
of the results is given below. 


Rice Evapotranspiration and Irrigation Requirements 


Climate : kum-nor Station ; KURNOOL 

Cnip : RICE Date of Traasplant : 20 July 

Effective Rainfall : 80% 


Month 

Dec 

Stage 

Aren 

% 

Coeir 

ETcnip 

mn/day 

Perc. 

■nm/dy 

LPrep 

noi/day 

RkeRq 

mm/day 

ETTRain 

tnin/dec 

IRRcq. 

mm/day 

IRReq 

mm/dec 

June 

3 

NCR 

0.10 

IJO 

0.77 

OJ 

1.8 

2.7 

2.1 

2.51 

25.1 

Jul 

1 

I.P 

0.33 

1.15 

223 

02 

8.1 

10.8 

72 

10.07 

100.7 

Jul 

2 

LP 

0.78 

1.15 

4.52 

12 

8.1 

13.8 

19.6 

11.02 

118J 

Jul 

3 

A 

1.00 

1.00 

5.54 

12 

0.0 

7.0 

25.6 

4.48 

44.8 

Aug 

1 

A 

1.00 

1.00 

5.55 

12 

0.0 

7.1 

25.9 

4.47 

44.7 

Ana 

2 

B 

1.00 

1.01 

5.55 

\2 

0.0 

7.0 

26.1 

4.43 

44J 

Aug 

3 

D 

1.00 

1.03 

5.44 

12 

0.0 

6.9 

27.6 

4.18 

41.8 

Sep 

1 

B 

1.00 

1.04 

5J2 

12 

0.0 

6.8 

29.6 

3.85 

38.6 

Svp 

2 

C 

1.00 

1.05 

5.16 

12 

0.0 

6.7 

31.4 

3^ 

352 

Sep 

3 

C 

1.00 

1.05 

4.93 

12 

0.0 

6.4 

28.8 

355 

352 

Oct 

1 

C 

1.00 

1.05 

4.70 

\2 

0.0 

62 

26.8 

352 

352 

Ocl 

2 

C 

1.00 

1.05 

4.47 

12 

0.0 

6.0 

24.5 

353 

352 

Oct 

3 

D 

1.00 

1.01 

4.09 

12 

0.0 

5.3 

18.4 

350 

35.0 

Nov 

1 

D 

1.00 

0.92 

326 

0.9 

0.0 

4.4 

11.6 

329 

32J 

Nov 

2 

D 

1.00 

0.84 

3.06 

0.4 

0.0 

3.5 

5.1 

2.99 

29.9 

Totals 





649 

179 

180 

1007 

311 


697 


A printout of the rice requirements can be made by answering Y(es) to the next question; 


Do you want PRINT OUT of the RICE-requirements (Y/N) : Y 


Rice irrigation requirements can be SAVED as a field file for scheme water requirement calculations; 


Save future requirement data as FIELD-File on disk for FXITURE calculations on SCHEME 
WATER REQUIREMENTS 7 : Y 


For the naming of the rice field file reference is made to section 5.3.3 
6.7 Program continuation 

As in chapter 5, the program con be continued with a revision of the planting date, the crop or climate. 

NOTE; The present CROPWAT version does not yet include an option for irrigation scheduling of 
wetland rice. 
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7. IRRIGATION SCHEDULING 


The irrigation scheduling program caimot be addressed directly from the main program, but is reached 
after completion of the crop water requirement calculations (option 2, Main Menu): 


CONTINUE CALCULATIONS 


Climate File : KURN-NOR Cl. Station : KURNOOL 

Crop file : GRONDNUT Plant date : 20 Norembcr 


To continue the program you hare the following Options: 

— > 1. Proceed to irr. scheduling of GROUNDNUT 

2 . Revise PLANTING date of GROUNDNUT 

3. Take another CROP 

4. Take NEW set of CLIMATIC data 

5. Return to MALN MENU 

Give your option (1-5) : / 


The irrigation scheduling program provides the possibility to: 

develop and plan indicative irrigation schedules adapted to field operational conditions; 
evaluate field irrigation programs in terms of efficiency of water use and yield produaion; 
simulate field irrigation programs under water deficiency conditions, rainfed conditions, 
supplementary irrigation, etc. 

7.1 Data input for irrigation scheduline 

The calculation of the irrigation schedules is based on the water balance in which on a daily basis, 
the incoming and outgoing water flow (evaporation, rain, irrigation) in the rootzone of the soil profile 
is being monitored. For the calculations, data on crop evapotranspiration, rainfall, crop and soil are 
required: 

7.1.1 Crop water requirements 

The crop water requirements, defined as the daily water needs of crops, have been calculated 
previously from climatic data (ETo) and crop data (Kc, length of growth stages). They represent the 
daily uptake of soil moisture from the root zone due to evapotranspiration of the crop. 

7.1.2 Rainfall 

Rainfall data are included at the input of climate data. Depending on the objective of the irrigation 
scheduling calculations, the rainfall data given concern: 

monthly averages 

rainfall with a 80% (dry) or 20% (wet) probability of exceedance, representing respectively a 
dry or wet year 
historical or actual data. 
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7.13 Crop data 


The crop data required for irrigation scheduling concern the data on rooting depth and allowable 
depletion which allow the calculation of the readily available soil moisture content in the rootzone 
(RAM). Furthermore, to assess the effect of water stress on yield, the yield response factor is 
required. 

The input of the crop data has been carried out earlier (chapter 5.2). 


7.1.4 Soil data 

The soil parameters important for irrigation scheduling are ; 


INPUT SOIL DATA 

For scheduling ENTER your soil data: 

From keyboard 1 

From diskette 2 

Back to Start-up CROPWAT 3 

Your choice : 2 


Total Available Soil Moisture Content (TAM), defined as the difference in soil moisture 
content between field capacity and wilting point. It represents the ultimate amount of water 
available to the crop and depends on texture, structure and organic matter content of the soil, 
expressed in mm/metre. Indicative values for different texture class are: 

Coarse Sandy Loamy Clayey 
TAM 60 100 140 180 mm/m 

Initial Soil Moisture Depletion (% TAM), indicating the dryness of the soil at the start of the 
growing season. The initial soil moisture is expressed as a depletion percentage from field 
capacity. Default value of 0 % represents a fiilly wetted soil profile, 100 % is a soil at wilting 
point. In most cases only an estimate can be made of the initial soil moisture condition, 
depending on previous crop and periods of a preceding fallow or dry season period. 

Maximum Rooting Depth, although in most cases the genetic characteristics of the crop will 
determine the rooting depth, in some cases the soil and certain disturbing soil layers may res- 
trict the maximum soil depth. Default value is set arbitrarily on 900 cm, indicating no soil 
depth limitation. 

Maximum Rain Infiltration Rale, to allow an estimate of the surface runoff for the effective 
rain calculation, the maximum rain infiltration rate expressed in mm/day, can be set, limiting 
the maximum amount of rain which can infiltrate the soil on any one day, as a function of rain 
intensity, soil type and slope class. Default value is set at 30 mm/day. 

Data input can concern new data or previously saved data. The procedure to input new data or to 
retrieve data saved earlier is similar to that for climate and crop data. 
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INPUT SOIL DATA 


Soil type description (max. 15 char.) : 

sandy loam 

Total Available Soil Moisture (mm/m) : 

140 mm/metre 

Maximum Rain Infiltralion Rate : 

40 mm/day 

Maximum Rooting Depth : 

900 centimetres 

Initial Soil Moisture Dc'pletion (% TAM) : 

40 percent 

— > Initial Available Soil Moisture : 

84 mm/metre 

Any changes in Input Soil Data (Y/N) : N 


In the case of new soil data, the soil type description should be given. The different soil data files on 
disk, saved in earlier sessions, will be shown on screen from which a choice can be made: 


RETRIEVE SOIL DATA 


H The following files are on the data disk: 


BLCKCLAY SQL COARSE SOL CQARSTEX SOL FINETEX SOL 
HEAVY SOL LIGHT SOL LOAN SOL NEDITEX Sa 
MEDIUM SOL REDCLAY SOL SANDLMM SOL 


Please enter your Ale name (without extension !) : ? sandloam 


12 Irrigation scheduling options 

The irrigation scheduling program allows a range of options, dqiending on the specific triplication 
the user is aiming at and the conditions and restrictions the field irrigation system imposes. 

The scheduling option refers to two different categories: 

1. Timing Options - related to WHEN irrigation is to be applied. 

2. Application Options - HOW MUCH water is to be given per irrigation turn. 

7.2.1 Timing options 

The user can select the following irrigation TIMING OPTIONS, determining when an irrigation is 
to be given: 
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Options Irrigation Tinting H 

Objective 

Timing Option 

EVAL. & SIMUL. 

1. Each irrigation defined by user 

OPTIMAL IRRIGATION 

2. Irrigation at CRITICAL depletion (100% RAM) 

3. Irr. below or above critical depl. (% RAM) 

PRACTICAL IRRIG. 

4. Irrigation at fixed intervals per stage 

5. Irrigation at fixed depletion (mm) 

DEFICIT IRRIGATION 

6. Irrigation at given ETcrop reduction (%) 

7. Irrigation at given YIELD reduction (%) 

RAINFED 

8. No irrigation, only rainfall 

0. Revise data input 

Give your option : J | 


For EVALUATION AND SIMULATION: 

Ontion I Irrigation turns are defined by the user and can be either historical irrigation dates from 
actual field data or simulated dates. This option is used to evaluate irrigation practices, to 
simulate any alternative irrigation schedule and in particular to refine the programming of 
irrigation schedules, developed in other options. The input of the individual dates is carried 
out as shown in the screen prim. 


INPUT INDIVIDUAL IRRIGATIONS 

Irrigatiiin dales defined by user 

Type 0 (zero) to terminate the input 

Application no 1: 

Days after planting: 20 
Application Depth (mm): 40 

Application no 2: 

Days after planting: 40 
Application Depth (mm): 40 

Application no 3: 

Days after planting: 50 
Application Depth (mm): 50 

Application no 4: 

Days after planting: 70 
Application Depth (mm): 50 

Application no 5: 

Days after planting: 85 
Application Depth (mm): 50 

Application no 6: 

Days after planting: 0 

Any correctioas in 

input irrigation dates (Y/N) : N 
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For OPTIMAL IRRIGATION, where no restrictions are set on timing and availability of water 
supply: 

Option 2 Irrigation water applied whenever the critical soil moisture level is reached and readily 
available soil moisture is depleted, defined as 100% RAM. The classical way to determine 
inigation schedules, resulting in minimum irrigations, but irregular and therefore un- 
practical irrigation intervals. 


Irrigatinn at 100% Depletion of Readily Available Soil Moisture 


Option 3 Irrigation water applied whenever a certain soil moisture level is reached defined as 
percentage of RAM. Useful to set a safety level above critical soil moisture (for instance 
80% RAM) or to allow a certain stress level (for instance 120% RAM). 


Fixed % of RAM on which irrigation Ls required (%) ? 80 


For PRACTICAL IRRIGATION where the scheduling is adjusted to the field irrigation method and 
the water supply conditions: 

Option 4 Irrigation water applied on fixed interval turns, suitable in particular in a gravity system 
with rotational water distribution as found in a majority of irrigation schemes. Although 
it may result in some over-irrigation in the initial stages and under-irrigation in the peak 
season, the fixed irrigation turns have great operational advantages. 


Interval Icnjfth stage A (days) : 10 

stage B (days) : 10 

stage C (days) : 7 

stage D (days) : 10 


Potion 5 Irrigation water applied whenever a predetermined amount of water has been depleted, 
suitable in particular to adjust the irrigation schedule to the field irrigation method, and a 
fixed water application is given in each irrigation turn. 


Give fixed depletion in mm : 7 40 


For DEFICIT IRRIGATION, where in view of shortages of water supply we aim at restricting waer 
supply while minimizing yield reductions: 

Option 6 Irrigation water applied whenever a critical reduction in evapotranspiration is reached, 
predetermined by user for each stage in percentage of the reduction in evaporation: 

Deficit = 100 * (1-ETa/ETmax), 

where ETa = actual evapotranspiration 

ETmax = ETcrop = crop evapotranspiration. 
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ETc reduction stage A (%) : ? 10 

stage B (%) : 10 

stage C (%) : ? 0 

stage D (%) : 10 


Option 7 Irrigation water applied whenever a critical yield reduction level is reached, determined by 
sensitivity of concerned growing stage, according to; 

(1 - Ya / Ymax) = Ky * (1 - ETa / ETmax) 

where Ya = actual yield and Ymax = maximum yield 
Ky = Yield response factor 


Give yield deficit level {%) : ? 10 


Option 8 Rainfed. No irrigation is applied, only the monthly rainfall as given in the climatic data is 
considered, spread regularly over the month, in six rainfall showers. The printout gives a 
10-day overview on deficit, evapotranspiration and rainfall losses. 


7,2.2 Application option 

Similarly the user must select one of the following irrigation application options: 


lrri}{aUon Application Options | 

Objective 

Application Option 1 

EVAL. & SIMUL. 

1. Each irrigation depth delined by user 1 

OPTIMAL IRRIG. 

2. Renil soil to FIELD CAPACITY 

3. Refill below or above field capacity 

PRACTICAL IRRIG. 

4. Irrigation depth fixed acc. irr. method 


0. BACK TO TIMING OPTIONS 


For EVALUATION AND SIMULATION: 

Option 1 Application depth is specified by user for each irrigation turn as determined from field data 
or simulated data. The input of irrigation depth is carried out in combination with Timing 
Option 1, as shown on page 38; 


Return to timing menu option 1 to define each irrigation depth! 
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For OPTIMAL IRRIGATION: 


Option 2 The application depth will bring soil moisture content back to field capacity, thus equal to 
the depleted soil moisture in the root zone. As the depletion in the root zone will normally 
vary over the growing season with changing root depth and allowable depletion levels, the 
application gifts may vary substantially over the season. 

Option 3 The application depth will bring soil moisture content back to a fixed amount above or 
below field capacity. Useful to allow for leaching for salinity control (application larger 
than field capacity) or to accommodate possible rainfall (application below field capacity). 



For PRACTICAL IRRIGATION, where application is restricted by one or more conditions set by 
the irrigation system: 

Option 4 Application depth is fixed by the user, and normally adapted to the irrigation method. 

Predominant condition in most gravity systems, where irrigation depths allow little 
variation; in addition fixed irrigation depth offers considerable operational advantages. 


Give fixed irrigation depth (mm) ? 40 


Fixed Irrigation Depth:Indicative values for different irrigation methods are given below: 


Surface irrigation: 

basin irrigation 

; 50 - 150 mm 


furrow irrigation 

: 30 - 60 mm 


border irrigation 

: 40 - 80 mm 

Sprinkler irrigation 

: 30 - 80 mm 


Drip irrigation 

: 10-30 mm 



7.2 J Field irrigation efficiency 

The application depth concerns the net irrigation depth, the amount of water effectively infiltrated in 
the root zone. Inadequacies in the irrigation system and in particular in the field layout (poor land 
levelling, poor praaices) will cause losses. To account for these system losses, the program allows 
an input on the estimated irrigation efficiency. 

A default value of 70% is recommended for normal well-managed gravity irrigation methods. 


Estimate Reid application efficiency (%) ? 70 


NOTE: A distinction should be made between the 'scheduling' efficiency, which is calculated in 
the water balance as water lost due to deep percolation and is a consequence of inadequate 
scheduling, and the system irrigation efficiency estimated on the basis of inadequacies in 
the field irrigation system. 
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7J Irrigalion scheduling calculalions 


The calculation of the scheduling program is based on a soil water balance, where the soil moisture 
status is determined based on a daily accounting of all ingoing and outgoing water in the root zone, 
according to: 


SMDi = SMDi-1 + ETa - - Irr.Appl. + RO + DP 


where: SMDi 

ETa 
Pua 

Irr.Appl. 

RO 

DP 


= soil moisture depletion at day i 
= actual crop evapotranspiration 
= effective rainfall 
= irrigaion depth 
= runoff 

= deep percolation 


Figure 3 illustraes graphically the soil water balance over the growing season. 


ACTUAL EVAPOTRANSPIRATION RATE 

ETa/ETmax as function of soli moisture depletion 



Figure 3 Actual erapotranspiration 


The budget calculation in CROPWAT assumes a soil moisture content at field capacity at planting, 
unless modified in the soil input file (see 7.1.4). 

Rainfall data are given as monthly values and the program converts the monthly values into 10- 
daily values (see CWR calculations). For the water balance calculation, total rainfall is taken and 
rainfall applications are simulated by two applications for each decade on day 3 and day 7 of half the 
10 daily rainfall. For each rainfall an account is kept of which part of the rainfall has been lost by 
runoff determined by the maximum rain infiltration rate (see input soil data 7.1.4) and the deep 
percolation determined by the soil moisture depletion in the root zone. 

Actual evapotranspiration will be equal to the calculated crop evapotranspiration as long as soil 
moisture content has not reached the critical level as given by the allowable depletion (p). Beyond this 
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level actual crop evapotranspiration will be reduced proportionally to soil moisture depletion as 
illustrated in Figure 4. 


Irrigation Schedule Groundnuts 

Soil Waier Balance Growing Season 



Figure 4 Actual evapotranspiration with decreasing soil moisture content 


Values for total and readily available soil moisture, as determined by root depth, allowable depletion 
and total available soil moisture, are calculated on a daily basis. 

Furthermore, by summation of daily values, an account is kept of actual and potential 
evapotranspiration for each growing stage and the total growing period. 

Timing and application of irrigation are incorporated in the calculation as determined by the user. 

For the final output accounts are kept on the number of irrigations, interval periods and irrigation 
losses and yield reductions due to stress as presented in Output. 

Gross irrigation application depth is determined from given irrigation efficiency and converted into 
a permanent field supply in I/sec/ha over the irrigation interval period. 


7.4 Irrigation scheduling output 

The results of the scheduling calculations are presented on the screen and can subsequently be printed 
on a conneaed printer or to a disk file. 

The output includes information on the irrigation calendar, the total water use and production and 
allows evaluations of the scheduling efficiency. 
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UUUGATION SCHEDULING GROUNDNUT 20 November 

Climate Station : KURNOOL Climate File : 

Cnip : GROUNDNUT Pluntin); date : 

Soil : sandy loam Available Soil moisture : 

Initial Soil moisture : 

Irrigation Options selected: 

Timing ; Fixed Interval of 10 (A) / 10 (B) / 10 (C) 

Application : Fixed Irrigation Depth of 40 mm 

Field Application Efficiency 70 % 


No. 

Irr. 

lot 

dayt 

Date 

Stage 

Depkt 

% 

TX 

% 

ETA 

% 

Net 

Depth 

mm 

Deficit 

mna 

Lots 

mm 

Gr. 

Depth 

mm 

Flow 

1/i/ha 

1 

10 

1 Dec 

A 

56 

85 

94 

40.0 

0.0 

0.0 

57.1 

0.66 

2 

10 

10 Dec 

A 

21 

100 

100 

40.0 

0.0 

15.4 

57.1 

0.66 

3 

10 

20 Dec 

B 

19 

100 

100 

40.0 

0.0 

23.9 

57.1 

0.66 

4 

10 

1 Jao 

B 

25 

iOO 

100 

40.0 

0.0 

15.9 

57.1 

0.66 

5 

10 

10 Jan 

B 

29 

100 

100 

40.0 

0.0 

7J 

57.1 

0.66 

6 

10 

20 Ju 

C 

34 

100 

100 

40.0 

0.0 

1.8 

57.1 

0.66 

7 

10 

1 Feb 

C 

37 

too 

100 

40.0 

IJ 

0.0 

57.1 

0.66 

8 

10 

10 Feb 

C 

41 

100 

100 

40.0 

5.4 

0.0 

57.1 

0.66 

9 

10 

20 Feb 

D 

46 

100 

100 

40.0 

11.1 

0.0 

57.1 

0.66 

10 

10 

1 Mar 

D 

50 

100 

100 

40.0 

15.6 

0.0 

57.1 

0.66 

11 

10 

10 Mar 

0 

51 

100 

100 

40.0 

16.7 

0.0 

57.1 

0.66 

END 

1 

11 Mar 

D 

15 

100 

0 







kum-nor 
20 November 
140 mm/m 
84 mm/m 


/ 10 (D) days 


7.4,1 Irrigation calendar 

General information on the data used includes: 


details on crop, planting date and soil data 
• timing and application criteria selected. 

For each irrigation event an account of: 

number of the irrigation turn (No. Irr.) 

interval period (Int) 

DATE of irrigation turn (Date) 

crop STAGE in which irrigation turn occurs (Stage): 

A: initial phase 
B: development stage 
C: mid-season 
D: late season 

depletion level (DepI) as percentage of total available soil moisture (TAM) 

actual evapotranspiration rate (TX) on the day before irrigation, expressed as percentage of 
potential crop evapotranspiration 
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average actual evapotranspiration (ETa) calculated over the irrigation interval period, and 
expressed as percentage of potential crop evapotranspiration 

deficit (Dendt), indicates the soil moisture depletion level after irrigation: 

... a zero value represents a refill to field capacity; 

a positive value represents an under-irrigation, equal to the amount needed to refill 
the root zone to field capacity 

loss (Loss) the excess water lost to deep percolation of any irrigation depth or rain exceeding 
refill to field capacity. 

net and gross irrigation depths as defined by application option (Net Depth and Gross Depth) 

the gross depth converted into a permanent flow (Flow), representing a continuous discharge 
to satisfy irrigation requirements over the concerned interval period. 


7.4.2 Total water use and yield reductions 

The output is concluded with a presentation of total water use and yield reductions as shown in the 
printout. 


Total Gross Irrij^ation 

628.6 mm Total Rainfall 

13.3 mm 



Total Net Irrigation 

440.0 mm Effective Rain 

13.3 mm 



Total Irrigation Lasses 

64.1mm Total Rain Loss 

0.0 mm 



Moist Deficit at harvest 

16.7 mm 





Actual Water Use by Crop 

361.1 mm Actual Irrig. Rcq. 348.6 mm 



Potential Water Use by Crop 

362.0 mm 





EfTiciency Irr. Schedule 

85.4 % Efficiency Rain 

100.0 % 



Deficiency Irr. Schedule 

0.2 % 





YIELD REDUCTIONS 

Stage A 

B 

C D 

Season 


Reductions in ETC 

3.1 

0.0 

0.0 0.0 

0.2 

% 

Yield Rcspon.se factor 

0.40 

0.60 

1.00 0.80 

0.80 


Reductions in Yield 

1.2 

0.0 

0.0 0.0 

0.2 

% 

Cumulative Yield reduct. 

1.2 

1.2 

1.2 1.2 


% 


i. The efndency of the irrigation supply can be evaluated from: 

- total net and gross irrigation supply 

- total net irrigation losses as sum of excess irrigation applications; these do not account for 
the irrigation efficiency defined in input (see chapter 7.2.4) 

- soil moisture deficit at harvest, representing the soil moisture depletion at the end of the 
season, a check if the last irrigation was really required or could be possibly suppressed 
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- total net supply + soil retention, representing the total water use by the aop plus possible 
water losses 

- total net water use of the crop 

- potential total irrigation requirement, which is equal to the earlier calculated total crop 
water requirements minus effective rainfall 

- efficiency of supplied irrigation water, which is expressed as the ratio water use crop over 
net supply 

- deficiency of the irrigation supply, which is a measure of crop water stress determined as 
ratio actual crop water use over potential crop water use. 

ii. Reductions in yield due to soil moisture stress are indicated per season and per growing stage: 

- if no stress occurred table will be suppressed 

- reductions in Evapotranspiration are calculated for each growing stage and over the total 
growing season, express^ as percentage of potential crop evapotranspiration. 

- reductions in Yield are expressed in two ways; 

for each growth stage separately according to; 

(l-Ya/Ymax)=Ky*(l- ETa/ETm) 

cumulative yield reduction where each yield reduction for a given stage is carried 
over to the next stage according to: 

(1 - Ya/Ym)i = 1 - (Ya/Ym)l • (Ya/Ym)2 * .. *(Ya/Ym)i 

The yield reduction values will only provide an indication of possible yield reductions and 
it will be up to the user to interpret the actual accuracy of the values based on his 
experience. 

iii. The efficiency of rainfall can be evaluated from the information on; 

- total rainfall 

- rain losses as determined from rainfall exceeding refill capacity of the soil (deep 
percolation) and rainfall exceeding the maximum daily infiltration rate (runoff losses) 

- effective rain as total rain - losses 

- rain efficiency as percentage of the ratio effective and total rainfall. The evaluation of the 
rainfall efficiency provides a way to establish effective rainfall correlations (see section 
5.1.3). 


7.4 J Evaluation of the irrigation schedule 

The efficiency of the irrigation schedule can be judged in particular from; 
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i. Efficiency of supplied irrigation water 

ii. Yield reduction due to moisture stress. 

The user has to evaluate the different efficiency factors and compare these to the set timing and 
application options. By varying the options and input parameters, better efficiencies can possibly be 
achieved. 

Normally a number of runs is necessary before a satisfactory irrigation schedule can be found. A 
typical sequence will be: 

1 . Optima] irrigation scheduling with timing option 100% RAM and application to field capacity. 

2. Practical irrigation scheduling with timing option fixed interval, for instance 10 days or 7 days 
and an application option set at fixed irrigation depth as determined by the irrigation method. 
Several intervals and applications may be tried. 

The output shows a pattern which is typical of many field irrigation systems: an over irrigation 
in the early season and an under irrigation during mid season, leading to mild stress. This is 
also illustrated in Figure 2. 

3. Simulated schedule where further refinements can be applied by varying timing and applications 
over the growing season. 


Give your option : 2 


1. Print Irrigation Schedule 

2. Modify Scheduling Options 

3. Revise Input data 

4. Return Main Menu 


7.5 Program continuation 

To continue, a new scheduling option can be chosen, or the data set in use can be renewed. If 

modifications in the data set are required, option 0 (zero) from the irrigation timing menu has to be 

selected. The following options are available to revise the data: 

1. A new soil type to be used for the soil water balance calculations for same crop and climate 

2. Revision of certain soil parameters such as the initial soil moisture content 

3. Revise planting date of crop used. A recalculation of the CWR will follow after which soil data 
have to be re-entered. 

4. Revise crop input: a completely new crop can be taken or certain crop parameters can be 
modified. 

5. Revise climatic data set: will bring user back to climate data input from where either another 
climate file can be called up or a new data set can be typed in. To return to the scheduling 
program, crop data, planting date and soil data will have to re-entered. 

6. Return to scheduling options for revision of timing or application options. 

7. Return to Main Menu. 
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DATA REVISION 


Clunat« File : kum-nor Soil Type : sandy loam 

Crop File : grondnut Plant date : 20 November 


To continue the program you have the following options: 

1. Take another Soil 

2. Revise Soil data 

3. Revise Planting date 

4. Revise Crop input 

5. Take NEW set of CLIMATIC data 

6. Return to Scheduling Options 
7« Return to Main Menu 

Give your option (1>7) : 7 
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8. SCHEME WATER SUPPLY 


The calculation of scheme water supply can be made by choosing option 4 in the Main Menu; 


MAIN MENU CROPWAT (5.7) 


PROGRAM OPTIONS: 


1. ETo Penman-Monicith calculations 

2. Crop water requirements 

3. Irrigation scheduling 
— > 4. Scheme water supply 

5. Printer setting 

6. Drive & path setting 


9. Exit CROPWAT 


Your Option 4 


The purpose of this program element is to determine the monthly irrigation water supply for an 
irrigation scheme where, on varying areas and for different planting dates, several irrigated crops are 
grown. 


8.1 Data input 

8.1.1 Crop Irrigation requirements 

In proceeding program sessions the crop irrigation requirements have been determined and, if 
considered suitable for the scheme water supply, have been saved as field files with an adequate refe- 
rence to crop, climate and planting date. 

For the scheme irrigation requirements, a field file is successively called up, for each crop and 
planting date, from the list of displayed field files. 

8.1.2 Cropped area 

The area covered by each crop should be given as a percentage of the total scheme area. 

An overview of the cropping pattern with the different cropped areas, planting dates and other 
information is shown in the screen overleaf. 

Care should be taken that at any given moment the sum of individual crops does not exceed total 
scheme area. A check on this is provided by summarizing essential crop irrigation data. 
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Inpul Cropping Pattern 


CompOvSc from field files the desired croppir^ pattern 


The following files are on the data disk: 


RM-CT081 FU> 
RN-GR122 FLO 
RN'PD0B2 FLO 
RM‘SC072 FLO 


RN-GR011 FLO 
RN-PD072 FLO 
RN-PD122 FLO 
RN'SGOSI FLO 


RH-CR081 FLO 
RM-PD073 FLO 
RN-PD123 FLO 


RN-GR082 FLO 
RN-P0081 FLO 
RN-SC011 FLO 


Enter NAME of Field file No. 1 : rm~cs08l 


Give area COTTON in % ? 2d 


Do you want to continue with next Held file (Y/N) ? Y 


CROPPING PATTERN 


Pniject : Climatic Station : KURNOOL 


No. 

CROP 

Area 

% 

Plunl. 

dale 

llaneel 

date 

KTCrop 

mm 

FTTRaia 

mm 

S.FTT. 

% 

\ld. 

Red. 

% 

1 

COTTON 

20 

0 8 

1 

8 

597.4 

294.0 

100 

0 

1 

CROUNDNUT/K 

30 

15 8 

15 

8 

361.7 

248.0 

100 

0 

3 

PAUDV 

25 

20 7 

20 

7 

671.7 

347J 

100 

0 

4 

PADDY 

25 

10 8 

10 

8 

626J 

2982 

100 

0 

5 

GROUNDNUT/R 

30 

15 12 

15 

12 

393.6 

8J 

100 

0 

6 

GROL?<DNUT/R 

30 

0 1 

1 

1 

428.9 

11.6 

100 

0 

7 

PADDY 

15 

10 12 

10 

12 

628J 

13J 

100 

0 

8 

PADDY 

15 

20 12 

20 

12 

660.7 

13.6 

100 

0 


8.2 Calculatioas 

The lO^day values on crop irrigation requirements, derived from the different field files, are 
converted into monthly values. Multiplication of the individual crop irrigation requirements by the 
area percentage, give ‘relative’ irrigation requirements, expressed in mm/day. Summation of these 
values for all crops gives the scheme water requirements and scheme water supply which can be 
converted into I/s/ha and I/s respectively. 

By taking into account irrigation efficiencies and rotational criteria the gross scheme water supply 
requirements can be determined according to: 
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where: 

= gross scheme water supply ff/s) 


= scheme irrigation efficiency (£ 1) 

ti 

= operational time factor (Si) 

^crop 

= area covered by individual crop 

A 

^•cheme 

= total scheme area 

ETen^ - Pcff 

= net crop irrigation requirement 


Summarizing (!]) for all crops. 

83 Output 

1. A printout is given of selected cropping pattern with crop names, area coverage, planting date 
and summarized crop irrigation data as shown. 

2. Results of net irrigation requirements are presented in table form on the screen as shown with 
monthly values on: 

- crop irrigation requirements 

- net scheme irrigation requirements in mm/day. I/s/ha and I/s 

- irrigated area as percentage of total scheme area 

- irrigation requirement in I/s for actually irrigated area 

A printout in monthly values can be made if desired, an example of which is given. 

NOTE: Future versions of CROPWAT will include a printout of decade values and calculation of 
gross irrigation supply talcing into account irrigation efficiency and the operational time 
factor. 


SCHEME IRRIGATION REQUIREMENTS 


Project: Climatic Station : KURNOOL 


No. 

Jan 

Fd) 

Mar 

Apr 

May 

Jun 

Jul 

Aug 

Sep 

Oct 

Nov 

Dec 

. 1 

2.8 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

1.7 

3J 

3.5 

2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

OJ 

1.6 

2.6 

0.7 

3 

0.0 

0.0 

0.0 

0.0 

0.0 

0.9 

9.9 

6.0 

4.8 

4.7 

2.5 

0.0 

4 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4J 

8J 

4.9 

4.9 

5J 

U 

5 

1.9 

4.6 

5J 

1.4 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.4 

6 

0.9 

3.9 

5.7 

3.4 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

7 

7J 

8.0 

8.1 

2.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4J 

8.9 

8 

7J 

8.0 

8.8 

4.5 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.8 

lOJ 

SQ 

3.6 

5.0 

SJi 

2.4 

0.0 

OJ 

3.5 

3.6 

2.5 

3J 

4.1 

4J 

SQ 

107 

149 

174 

72 

0 

7 

106 

107 

75 

96 

124 

126 

SQ 

0.41 

0.57 

0.67 

0J8 

0.00 

0.03 

0.41 

0.41 

0J9 

0J7 

0.48 

0.49 

Ar 

110.0 

90.0 

90.0 

45.0 

0.0 

8J 

41.7 

50.0 

66.7 

100.0 

106.7 

88J 

AQ 

0J8 

0.64 

0.75 

0.62 

0.00 

OJO 

0.99 

OJU 

0.44 

0J7 

0.45 

0J5 


SQ in mm/d 
SQ in mm/m 
SQ in Is/h 
AR in % 

AQ in Is/h 
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ANNEX 1 

CROP CHARACTERISTICS 


1. Length of crop development stages 

2. Crop coeffidenls 

3. Crop coefTidents perennial crops: 

Figure A.l Alfalfa 

Figure A.2 Citrus 

Figure A.3 Deciduous fruit 

Figure A.4 Banana 

4. Soil water depletion fraction 

for various soil groups 
for various ETcrop ranges 

5. Readily available soil moisture 

6 . Yield response factor 
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1. LENGTH OF CROP DEVELOPMENT STAGES OF SELECTED FIELD CROPS 


Crop 

Init. 

Devel 

Mid 

Late 

Toul 

Plant Date 

Region 

Artichoke 

40 

40 

250 

30 

360 

Apr (1 yr) 

Califoroia 


20 

40 

220 

30 

310 

May (2 yr) 

(cut in May) 

Beans 

20 

30 

30 

10 

90 

Fi^/Mar 

Calif.. Mediterranean 

(green) 

15 

25 

25 

10 

75 

Aug/Sep 

Calif., EgxfX, Lebanon 

Beans (dry) 

20 

30 

40 

20 

110 

May/June 

Continental Climates 


15 

25 

35/50 

20 

95 

June 

Pakistan, Calif. 

Beds 

IS 

25 

20 

10 

70 

Apr/May 

Mediterranean 


25 

30 

25 

10 

90 

Feb/Mar 

Mediterranean & Arid 

Carrots 

20 

30 

50/30 

20 

100 

Oct/Jan 

Arid climate 


30 

40 

60 

20 

150 

Feb/Mar 

Mediterranean 

Castor beans 

25 

40 

65 

50 

180 

March 

(Scmi)Arid Climates 

Celery 

25 

40 

95 

20 

ISO 

Oct 

(Semi)Arid 


25 

40 

45 

15 

125 

April 

Mcdiicrrancan 

Colton 

30 

50 

60 

55 

195 

Mar;Apr/May 

Egypt; Pakistan 


30 

50 

60 

55 

195 

Sept 

Yemen 


30 

50 

55 

45 

180 

April 

Texas 

Crucifers 

20 

30 

20 

10 

80 

April 

Mediterranean 


25 

35 

25 

10 

95 

February 

Mediterranean 


30 

35 

90 

40 

195 

Oct/Nov 

Mediterranean 

Cucumber 

20 

30 

40 

15 

105 

June/August 

Arid Region 


25 

35 

50 

20 

130 

Nov; Feb 

Arid Region 

plant 

30 

40 

40 

20 

130 

October 

Arid Region 


30 

45 

40 

25 

140 

May/Junc 

Mediterranean 

Flax 

25 

35 

50 

40 

150 

April 

Europe 


30 

40 

100 

50 

220 

October 

Arizona 

Grains 

20 

30 

60 

40 

150 

April 

Mediterranean 

(small) 

25 

35 

65 

40 

165 

Oct/Nov 

Pakistan; Arid Reg. 

Groundnut 

25 

35 

45 

25 

130 

Dry season 

West Africa 


35 

45 

35 

25 

140 

May'June 

Mediterranean 

Lentil 

20 

30 

60 

40 

150 

April 

Europe 


25 

35 

70 

40 

170 

Ocl/Nov 

Arid Region 

Lettuce 

20 

30 

15 

10 

75 

April 

Mediterranean 


30 

40 

25 

10 

105 

Nov/Jan 

Mediterrarvean 


25 

35 

30 

10 

100 

Ocl/Nov 

Arid Region 

Mai/e 

20 

20 

30 

10 

so 

March 

Philippines 

(sweet) 

20 

25 

25 

10 

80 

May/Junc 

Mediterranean 


20 

30 

50/30 

10 

90 

Oct/Dcc 

Arid Climate 

Maize 

30 

50 

60 

40 

180 

April 

East Africa (alt.) 

(^rain) 

25 

40 

45 

30 

140 

De«/Jan 

Arid Climate 


20 

35 

40 

30 

125 

June 

Nigeria (humid) 


20 

35 

40 

30 

125 

October 

India (dry, cool) 


30 

40 

50 

30 

150 

April 

Spain (spring, sum.) 

Melons 

25 

35 

40 

20 

120 

May 

Mediterranean 


30 

45 

65 

20 

160 

Dcc/Jan 

Arid Region 

Millet 

15 

25 

40 

25 

105 

June 

Pakistan 


20 

30 

55 

35 

140 

April 

Central USA 
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Crop 

Init. 

Devcl 

Mid 

Ute 

ToUl 

Plant Date 

Region 

Onion (dry) 

15 

25 

70 

40 

150 

April 

Mediterranean 


20 

35 

110 

45 

210 

October 

Arid Region 

Onion 

25 


10 

5 

H 

April/May 

Mediterranean 

(green) 

20 

OH 

20 

10 

EHE 

October 

Arid Region 

Peas 

15 

25 

35 

EH 

90 

May 

Europe 


20 

30 

35 

EH 

100 

March/ April 

Mediterranean 

Peppers 


35 

40 

EH 

125 

April/Junc 

Europe and Medit. 



40 

110 


210 

October 

Arid Region 

Potato 

25 



30 

115/130 

Jan/Nov 

(Semi)Arid Climate 


25 

EH 

EH 

30 

130 

May 

Continental Climate 


30 + 15 

EH 


30 

145 

April 

Europe 

Radish 

10 

10 

15 

EH 

40 

March/April 

Mcdk.; Europe 


10 

10 

15 


40 

Winter 

Arid Region 

Safflower 

20 

35 

45 

25 

125 

April 

California, USA 


35 

55 

60 

40 

190 

Oct/Nov 

Arid Region 

Sorghum 


35 

40 


130 

May/June 

USA. Pakis., Med. 



35 

45 

EH 

140 

March/ April 

Arid Region 

Soybeans 


30/35 

60 

25 

140 

May 

Central USA 


EH 

25 

75 

30 

150 

June 

Japan 

Spinach 


20 

25 

5 

70 

Apr; Sq>/Ocl 

Mediterranean 



30 

40 

10 

100 

November 

Arid Region 

Squash 

20 

30 

EH 

20 

100 

March, Aug 

Mediterranean 

(pumpkin) 

25 

35 

EH 

25 

120 

June 

Europe 

Squash 

25 

35 

25 

EH 

100 

April 

McdH.; Arid Reg. 

(zucchini) 

20 

30 

25 

EH 

90 

May/iune 

Medit.; Europe 

Sugarbcct 

45 

75 

80 

30 

230 

November 

Mediterranean 


25 

35 

50 

50 

160 

May 

Mediterranean 


35 

60 

70 

40 

205 

November 

Arid Regions 

Sunflower 

25 

35 

45 

25 

130 

April/May 

Medit.; California 

Tomato 

30 

40 

40 

25 

135 

January 

Arid Region 


35 

45 

70 

30 

180 

Ocl/Nov 

Arid Region 


30 

40 

45 

30 

145 

April/May 

Mediterranean 

Wheat/ 

15 

25 

50 

30 


November 

Central India 

Barley 

20 

25 

60 

30 

E^l 

March/April 

35-45 ®L 


15 

30 

65 

40 


July 

East Africa 

Winter 

Wheal 

30 

140 

40 

30 

240 

November 

Mediterranean 


From FAO Irrigation and Drainage Paper 24, Table 22. 
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2. CROP COEFnCIENTS (Kc) 


CROP 

Crop devdopoiCBl stages 

Total 

Initial 

Crop 

develop* 

meat 

Mid* 

seasoB 

Late 

season 

1 

At 

harvest 

growing 

period 

Ranana 

tropical 

Mbtropkal 

0.4-OJ 

0^4.45 

0.7455 

0.»4.9 

1.0- l.l 

1.0- 15 

0.9-1 .0 
1.0-1.15 

0.754.85 

1.0-1.15 

0.745 

0554.95 

Bean 

green 

dry 

0.34.4 

0J4.4 

0.654.75 

0.74.8 

0.95-1.05 

1.05-15 

0.94.95 

0.654.75 

0.854.95 

0554J 

0554.9 

0.745 

Cabbage 

0.445 

0.74.8 

0.95-1.1 

0.9-1.0 

0.84.95 

0.745 

Cotton 

0.445 

0.74,8 

1.05-155 

0.^.9 

0.654.7 

0.84.9 

Grape 

055455 

0.64.8 

0.74.9 

0.645 

0554.7 

0554.75 

Groandnut 

0,445 

0.74.8 

0,95-1.1 

0.75455 

0554.6 

0.7545 

Maize 

sweet 

grain 

0545 

0545* 

0.74.9 

0.74.85* 

1.05- 15 

1.05- 15* 

1.0-1.15 

0.84.95 

0.95-1.1 

0554.6* 

054.95 

0.754.9* 

Onion 

dry 

green 

0.44.6 

0.44.6 

0.74.8 

0.64.75 

0.95-1.1 

0.95-1.05 

0.854.9 

0.95-1.05 

0.754.85 

0.95-1.05 

0.84.9 

05545 

Pea, fresh 

0.445 

0.74.85 

1.05-15 

1.0-1.15 

0.95-1.1 

054.95 

Pepper, fresh 

054.4 

0.64.75 

0,95-1.1 

0.85-1.0 

0.84.9 

0.745 

Potato 

0.445 

0.74.8 

1.05-15 

0554.95 

0.74.75 

0.754.9 

Rice 

I.M.IS 

1.M5 

l.l-lJ 

0.95-1.05 

0.95-1.05 

1.05-15 

Safflower 

054.4 

0.74.8 

1,05-15 

0.654.7 

0J455 

0.654.7 

Sorghum 

054.4 

0.74.75 

1.0-1.15 

0.754.8 

05455 

0.754.85 

Soybean 

054.4 

0.745 

1.0-1.15 

0.74.8 

0.445 

0.754.9 

Sugarbeet 

0.445 

0.754.85 

1.05-15 

0.9-1.0 

0.64.7 

054.9 

Sngarcane 

0.445 

0.7-1.0 

1.0-lJ 

0.7545 

054.6 

0.85-1.05 

SunAower 

054.4 

0.745 

1.05-15 

0.745 

0554.45 

0.754.85 

Tobacco 

054.4 

0.745 

1.0-15 

0.9-1.0 

0.754.85 

0554.95 

Tomato 

0.445 

0.745 

1.0S-I55 

054.95 

0.64.65 

0.754.9 

Watermeiao 

0.445 

0.745 

0.95-1.05 

0.84.9 

0.654.75 

0.75455 

Wheat 

054.4 

0.745 

.05-15 

0.654.75 

05455 

054.9 

Alfalfa 

054.4 




1.05-15 

055-1.05 

Citrus 

clean weeding 
no weed control 






0.654.75 

0.854.9 

Olive 



1 



0.445 


Hrst fifar« : Uoder hagb biunidity (Rllmui > 70%) and low wind (U < 5 ol/mc). 

Second figure : Under hm himudity (Rllmia < 20%) and strong wind (> 5 b/mc). 

From FAO Irrigalion and Drainage Paper 33, Table 18. 
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CROP COEmCIENTS PERENNIAL CROPS 
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Planting date 
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4. 


SOIL WATER DEPLETION FRACTION 


CROP GROUPS ACCORDING TO SOIL WATER DEPLETION 

Group 

Crops 

I 

onion, pepper, potato 

2 

banana, cabbage, grape, pea, tomato 

3 

alfalfa, bean, citrus, groundnut, pineapple, sunflower, water melon, wheat 

4 

cotton, maize, olive, safflower, sorghum, soybean, si^arbeet, sugarcane, 
tobacco 


From FAO Irrigation and Drainage Paper 33, Table 19. 


SOIL WATER DEPLETION FRACTION (p) FOR CROP CROPS 
AND MAXIMUM EVAPOTRANSPIRATION (ETm) 


Crop 

Group 

ETm mm/day 

2 

3 

4 

5 

6 

7 

8 

9 

10 


0.50 

0.425 

0.35 

0.30 

0.25 

0.225 

0.20 

0.20 

0.175 


0.675 

0.575 

0.475 

0.40 

0.35 

0.325 

■ms 

0.25 

0.225 


0.80 

0.70 

0.60 

0.50 

0.45 

0.425 

■IBiM 

0.35 

0.30 


0.875 

0.80 

0.70 

0.60 

0.55 

IjHjH 

0.45 

0.425 

0.40 


From FAO Irrigation and Drainage Paper 33, Table 20. 
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5. 


READILY AVAILABLE SOIL MOISTURE 


GENERALIZED DATA ON ROOTING DEPTH OF FULL GROWN CROPS, FRACTION OF 
AVAILABLE SOIL WATER (p) AND READILY AVAILABLE SOIL WATER (p.Sa) FOR 
DIFFERENT SOIL TYPES Go mm/m soil depth) WHEN ETcrop in 5^ mm/day 


Crop 

Rooting depth 

<d) 

m 

FncUon (p) of 
available 
soil water* 

Readily available soil water (p.Sa) 
min/m* 

fine 

medium 

coarse 

Alfalfii 

1. 0-2.0 

035 

no 

75 

35 

Banana 

0.5-0.9 

OJS 

70 

50 

20 

Barley’ 

1.0-1.5 

0.55 

no 

75 

35 

Bcans^ 

0.5-0.7 

0.45 

90 

65 

30 

Beeu 

0.6-1 .0 

0.5 

100 

70 

35 

Cabbage 

0.4-0 .5 

0.45 

90 

65 

30 

Carrots 

0.5- 1.0 

0.35 

70 

50 

20 

Celery 

0.3-0.S 

0.2 

40 

25 

10 

Citrus 

1.2-1.5 

0.5 

100 

70 

30 

Clover 

0.6-0.9 

0J5 

70 

50 

20 

Cacao 


0.2 

40 

30 

15 

Cotton 

1. 0-1.7 

0.65 

130 

90 

40 

Cucumber 

0.7-1 .2 

0.5 

100 

70 

30 

Dales 

1. 5-2.5 

0.5 

100 

70 

30 

Dec. orchards 

1.0-2.0 

0.5 

100 

70 

30 


l.O-IJ 

0.5 

100 

70 

30 

Grains small^ 

0.9-1 .5 

0.6 

120 

80 

40 

winter 

1. 5-2.0 

0.6 

120 

80 

40 

Grapes 

1. 0-2.0 

0.35 

70 

50 

20 

Grass 

0.5-1. 5 

03 

100 

70 

30 

Groundnuts 

O.S-1.0 

0.4 

80 

55 

25 

Lettuce 

0.3-0.5 

0.3 

60 

40 

20 

Maize* 

1.0-1.7 

0.6 

120 

80 

40 

silage 


03 

100 

70 

30 

Melons 

I.0-1.5 

0.35 

70 

50 

25 

Olives 

1.2-1. 7 

0.6S 

130 

95 

45 

Onions 

0.3-0 .5 

0.25 

50 

35 

IS 

Palm trees 

0.7-1. 1 

0.65 

130 

90 

40 

Peas 

0.6-1. 0 

0.35 

70 

50 

25 

Peppers 

0.5- 1.0 

0.25 

50 

35 

15 

Pineapple 

0.3-0.6 

0.5 

100 

65 

30 

Potatoes 

0.4-0.6 

0.25 

50 

30 

IS 

Safllower^ 

1. 0-2.0 

0.6 

120 

80 

40 

Sisal 

0.5-1 .0 

0.8 

155 

no 

50 

Sorghum’ 

1. 0-2.0 

0.55 

110 

75 

35 

Soybeans 

0.6-U 

OS 

100 

75 

35 

Spinach 

0.3-0 .5 

0.2 

40 

30 

IS 

Straadjerries 

0.2-0.3 

O.IS 

30 

20 

10 

Sugarheet 

0.7-1 .2 

03 

100 

70 

30 

Sugarcane^ 

1.2-2.0 

0.65 

130 

90 

40 

Sunflower^ 

0.8-I.S 

0.45 

90 

60 

30 

Sweet potatoes 

1.0-I.5 

0.65 

130 

90 

40 

Tobacco early 

0.5- 1.0 

0.35 

70 

50 

25 

late 


0.65 

130 

90 

40 

Tomatoes 

0.7-1 .5 

0.4 

180 

60 

25 

Vegetables 

0.3-0.6 

0.2 

40 

30 

IS 

Wheat 

1.0-1.5 

035 

lOS 

70 

35 

ripening 


0.9 

180 

130 

55 

Total available soil wsier (Sa) 

200 

140 

60 


When ET^_ U 3 mm/diy or smaller incresK values by tome 30%; when ET^ U 8 mm/day or more reduce values 
by some 30%, sasuming non-uline condilkMu (EC, < 2 dS/m). 

Higher values than those shown apply during ripening. 


I Sources: Taylor (1965), Stuart and Hagan (1972), Salter and Goode (1967), Rijicma (1965) and others. 

From FAO Irrigation and Drainage Paper 24, Table 39. 
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6 . 


YIELD RESPONSE FACTOR (ky) 


YIELD RESPONSE FACTOR (ky) 



Vegetative period (1) 

Floweriag 

Yield 

Ripening 

Total 

Crop 

eorty 

Oa) 

II 

total 

period 

C) 

fomiatioa 

0) 

(4) 

growiag 

period 

Alfalfo 



0.7-1.I 




0.7-1.1 

Buaiu 







1J-IJ5 

Beu 



OJ 

1.1 

0.75 

OJ 

1.15 

Cabbage 

OJ 




0.45 

OJ 

0.95 

Citnis 







OJ-1.1 

CotlOD 



OJ 

OJ 


0J5 

0.85 

Grape 







0J5 

Grouadout 



OJ 

0.8 

0.6 

OJ 

0.7 

Maixc 



0.4 

IJ 

OJ 

OJ 

1J5 

Odmmi 



0.45 


OJ 

OJ 

1.1 

Pea 

OJ 



0.9 

0.7 

OJ 

1.15 

Ptppw 







1.1 

Potato 

0.45 

OJ) 



0.7 

OJ 

1.1 

SafRowcr 


OJ 


0J5 

0.6 


0.8 

Sorghum 



OJ 

0J5 

0.45 

OJ 

0.9 

Soybcaa 



OJ 

0.8 

1.0 


OJS 

Sugarbect 

beet 







0.6-1.0 

eugar 







0.74.1 

Sugarcaike 



0.75 


OJ 

0.1 

IJ 

Suo flower 

0^ 

OJ 


1.0 

OJ 


0.95 

Tobacco 

OJ 

1.0 



0 

J 

0.9 

Tomato 



0.4 

1.1 

OJ 

0.4 

1.05 

Walermdoa 

0.45 

0.7 


OJ 

OJ 

OJ 

1.1 

Wheat 








wiater 



OJ 

0.6 

OJ 


1.0 

spring 



OJ 

0.65 

0J5 


1.15 


From FAO Irrigation and Drainage Paper 33, Table 24. 
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GUTOELINES FOR CROPWAT 
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1 . 


INTRODUCTION 


The guidelines for using CROPWAT are meant as an example for design and management of 
irrigation schemes, talcing the user, with the help of an actual data set, through the different steps 
required to calculate evapotranspiration and crop water requirements, starting with the collection and 
processing of input data to the application in scheme water supply and irrigation scheduling. 

The guidelines are to be used in combination with the Manual of CROPWAT, which explains how 
to use the computer program and presents the underlying calculation procedures. 

The example set used is taken from the Rajolibanda Diversion Scheme in Andhra Pradesh, India, one 
of the projects under the National Water Management Project proposed for rehabilitation and 
introduction of improved irrigation management practices. 


2. CALCULATION OF REFERENCE EVAPOTRANSPIRATION 

2.1 Introduction 

The Reference Evapotranspiration, or ETo, represents the potential evaporation of a well-watered 
grass crop. The water needs of other crops are directly linked to this climatic parameter. 

Several methods exist to determine the Reference Evapotranspiration, such as: 

Blaney-Criddle Method 

Penman Method 

Pan Evaporation Method. 

The Penman-Monteith Method has been recommended as the appropriate combination method' to 
determine evapotranspiration from climatic data on: 

temperature 

humidity 

sunshine 

- . windspeed. 


2.2 Data Collection 

In order to calculate the reference evapotranspiration (ETo), the respective climatic data should be 
collected from the nearest and most representative meteorological station. Several institutes and 
agencies may keep climatic records such as the Irrigation Department, the Meteorological Service or 
nearby Agricultural Research Station and may provide information on climatic stations inside or in 
the vicinity of our irrigation scheme which should be considered for the crop water requirement 
calculations. 

In some cases, when the scheme is large, more than one station may be available, but often no 
suitable stations with sufficient climatic data are located in the scheme. In such a case a careful 
selection should be made of the data. Figure 1 shows how an interpolation which may be carried out 
between stations outside and inside the irrigation scheme. 


For further reference see Report of the Expert Consultation on Review of FAO Methodologies for 
Crop Water Requirement Calculations, held in May 1990 in Rome. 
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STATION : Rentachintala LAT. 16“ 33’ N LONG. 79“ 33’ E HEIGHT ABOVE M.S.L : 106 metres BASED ON OBSERVATIONS FROM 1931 TO 1960 
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In our example, the data for the Rajolibanda Scheme have been obtained from the following sources; 


Temperature: 
Sunshine hours; 
Humidity: 
Wind: 


IMS Station, Kurnool (1930-1960) 
Airport, Hyderabad 
IMS Station, Kumool 
IMS Station, Kurnool 


The data, together with the calculated ETo, are presented in Table 2. 


2J Data Conversion 

In general, climatic data by the National Meteorological Service are standardized. An example of such 
a record is given in Table 1 for the Indian Meteorological Service GMS), which contains all the 
necessary data on temperature, humidity, sunshine and wind for Penman calculations. Normally some 
conversions are required in order to adjust the data into the format accepted by CROPWAT. In 
particular, attention should be given to the units in which the climatic records are given. 



As an example, the following notes for conversion of the climatic data provided by the Indian 
Meteorological Service (IMS) to the units required for CROPWAT are given. 

Temperature data 


IMS 

CROPWAT 

Conversion 


Mean Daily Maximum and Minimum Temperature 
Maximum and Minimum Temperature 
No conversion needed 
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Humidify data 
IMS 

CROPWAT 

Conversion 

Comments 

Sunshine data 
IMS 

CROPWAT 

Conversion 


Relative Humidity (in percent) as well as the Vapour Pressure both for 
morning and afternoon 

Average daily Relative Humidity or Vapour Pressure 
Average of morning and afternoon values of vapour pressure 
Vapour pressure rather than Relative Humidity values are taken, as the 
latter relate to temperature values at sunrise and noon 


Cloudiness in Oktas of sky of All and Low Clouds for morning and 
noon 

Sunshine hours (heliograph) or sunshine percentage 
According to the following relationship; 


SSP = 0.95 


LCl + LC2 
+ a 


^ ACl * AC2 

1 


where: SSP 

LCl 
LC2 
ACl 
AC2 


sunshine rate {%) 
low clouds at sunrise (oktas) 
low clouds at noon (oktas) 
high clouds at sunrise (oktas) 
low clouds at noon (oktas) 
empirical parameter 0.3) 


Windspeed data 

Average Daily Windrun in km/hour 
Average Daily Windspeed in km/day or m/sec 
WS km/day = 24 x WS kmftiour 


CROPWAT 

Conversion 


2.4 Climatic Data Input 

Input of the climatic data including the information on altitude and latitude of the climatic station are 
described in the Manual of CROPWAT, para. 4. 1 . Table 2 shows the data of Kumool, used for the 
further calculations in our examples. 


2.5 Climatic Data and ETo Output 


A printout of calculated ETo results can be made with the connected printer as shown in Table 2. 

2.6 Climatic and ETo Data Saving 


After checking the data for possible errors, the data set can be SAVED for future use in the crop 
water requirement calculations (see para. 4.3 in CROPWAT). It is important to give an appropriate 
name to the data set which can easily be recognized later. In our example, the name KURN(X)L, 
referring to the climate station from which the data has been taken, was used. 

Prior to exiting back to the CROPWAT input of rainfall data, you may wish to check the saved data 
by going back to the DATA INPUT MENU and retrieving the fde, saved under the name 
KURNOOL. 
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Reference Evapotranspiration ETo according Penman-Monteith 


Country : 

RAJOLIBANDA 


Meteo Station 

: KURNOOL 


Altitude : 

281 meter 


Coordinates 

: 16.00 N.L. 


MuoUl 

A«|tTemp 

Humidity 

Wittdipeed 

Sumhiite 

Radiatkta 

ETo-P«oMm 


* 

« 

km/day 

boun 

MJ/m^/day 

mm/day 

Jamiary 

24J 

51 

117 

8.1 

8.8 

3.82 

February 

26£ 

41 

132 

8.4 

10.0 

4.85 

Ntarch 

30.0 

35 

148 

7.6 

10.9 

5.86 

April 

33.7 

37 

167 

7J 

11.9 

6.60 

May 

33.0 

41 

357 

6.7 

11.9 

7.64 

June 

30J 

58 

405 

5J 

lU 

6.78 

July 

2$a 

66 

409 

4.9 

10.9 

5.66 

Aucost 

37.8 

66 

353 

5.6 

11.4 

530 

September 

37.6 

67 

342 

6.0 

IIJ 

4.91 

October 

37.4 

64 

115 

7J 

11.0 

4J6 

Novouber 

25.1 

58 

98 

7.4 

9J 

3.64 

December 

23.5 

55 

94 

7.9 

8.4 

336 

VKAR 

38.1 

53 

211 

6.9 

10.6 

1913 


Table 2 


Printout - Ctimatic data and ETo Kumool 


3. PROCESSING OF RAINFALL DATA 

3.1 Introduction 

The rainfall contributes to a greater or lesser extent in satisfying the crop water requirements. During 
the rainy season, a great part of the crop’s water needs are covered by rainfall, while during the dry 
season, the major supply of water should come from irrigation. How much water is coming from 
rainfall and how much water should be covered by irrigation is, unfortunately, difficult to predia as 
yearly rainfall varies greatly. 

In order to estimate the rainfall deficit for irrigation water requirements, a statistical analysis needs 
to be made from long-term rainfall records. 

In addition to the variability of rainfall from year to year, not all rain which falls is also used by the 
crop. The intensity of rain may be such that part of the rainfall is lost due to surface runoff or due 
to deep percolation outside the rootzone. 

In order to determine that part of the rainfall which effectively contributes to cover crop water 
requirements, a number of definitions are first given, while subsequently it is explained how the 
different rainfall values can be calculated and how they are incorporated in the crop water requirement 
calculations. 


3.2 Rainfall Definitions 
Average monthly rainfall: 

Mathematically determined average for a series of rainfall records, most commonly 
available. To be used for CWR calculation to represent average climatic conditions. 
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Dependable rainfall; 

The amount of rainfall which can be depended upon in 1 out of 4 or 5 years corresponding 
to a 75 or 80% probability of exceedance and representing a dry year. The dependable 
rainfall (80%) is used for the design of the irrigation system capacity. 

Rainfall in wet, normal and dry years: 

Defined as the rainfall with a respectively 20, 50 and 80% probability of exceedance, 
representing a wet, normal and dry year. The three values are useful for the programming 
of irrigation supply and simulation of irrigation management conditions. The rainfall in 
normal years (50% probahility) is, in general, well approached by the average rainfall. 

Historiail or actual rainfall data: 

The actual recorded rainfall used for evaluation purposes. 

Effective rainfall: 

Defined as that part of the rainfall which is effectively used by the crop after rainfall losses 
due to surface run off and deep percolation have been accounted for. The effective rainfall 
is the rainfall ultimately used to determine the irrigation requirement of the concerned crop. 

3.3 Rain Data Collection 

The precipitation data required for CROPWAT are monthly rainfall, commonly available from many 
climatic stations. In addition substations may be found with single rainfall records. For larger 
schemes, records of several rainfall stations may be available, allowing an analysis of the spatial 
variability. 

To allow a calculation of rainfall probabilities, rainfall records from a range of years (15-30) are to 
be collected. 

Rainfall records of the Rajalibanda Scheme are taken from Uppal Camp and are presented in Table 3. 



*74 

*75 

*76 

*77 

*78 

*79 

*80 

*81 

*82 

*83 

*84 

*85 

Aw 

iu 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

F«b 

0 

0 

0 

0 

13 

45 

0 

0 

0 

0 

0 

0 

5 

Mat 

0 

0 

0 

0 

0 

0 

0 

13 

0 

0 

0 

13 

2 

Apr 

0 

0 

8 

13 

38 

0 

20 

20 

0 

0 

15 

14 

10 

May 

69 

8 

33 

70 

87 

197 

0 

0 

18 

0 

0 

106 

49 

Jun 

44 

89 

48 

140 

103 

118 

74 

56 

180 

0 

66 

29 

79 

Jill 

15 

201 

121 

176 

144 

111 

76 

112 

72 

0 

128 

UO 

106 

Alls 

121 

110 

98 

160 

266 

13 

96 

101 

0 

257 

14 

73 

109 

Sep 

69 

139 

119 

20 

272 

267 

66 

290 

8 

171 

42 

72 

128 

Oct 

175 

384 

0 

101 

0 

104 

13 

43 

107 

64 

77 

117 

97 

No* 

15 

23 

20 

76 

29 

36 

0 

18 

76 

0 

8 

10 

26 

Dec 

0 

0 

0 

0 

13 

0 

0 

0 

0 

0 

8 

6 

2 

Tot 

508 

954 

448 

759 

964 

891 

345 

654 

460 

492 

362 

556 

616 


Table 3 Monthly rainfall data (1974-1985) Raingauge: Uppal Camp 


TO 


Copyrighted material 







3.4 Rain Data Processing 


For programming of irrigation water supply and management, rainfall data of normal, wet and dry 
years are normally used. 

An estimate of the respective rainfall data can be obtained by computing and plotting probabilities 
from the rainfall records. The different steps involved are: 

i. Tabulate yearly rainfall totals for a given period. 

ii. Arrange data in descending order of magnitude. 

iii. Tabulate plotting position according to: 


Fa = 

100 * m / (N -F 1) 

where: N 

= number of records 

m 

= rank number 

Fa 

= plotting position 


YEAR 

^4 

’75 

'76 

'77 

•78 

'79 

'80 

’81 

'82 

'83 

'84 

'85 


Rj^a 

508 

924 

448 

759 

964 

891 

345 

654 

460 

493 

363 

558 

mm/year 

Rank No 

7 

2 

10 

4 

1 

3 

12 

5 

9 

8 

11 

6 


Rank No 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


Rak 

964 

924 

891 

759 

654 

559 

508 

493 

460 

448 

363 

345 

mm/ycar 

Fa 

8 

15 

23 

31 

39 

46 

54 

62 

69 

77 

85 

92 



Table 4 Processing rainTall records (Uppal Camp) 


iv. Plot values on log-normal probability paper, as shown in Figure 2. 



71 


Copyrighted material 





V. 


Select year values at 20, SO and 80% probability: 


P80 

P50 

P20 


40S mm 
620 
860 


vi. 


Determine monthly values for the dry year according to the following relationship: 


P. =P. 





where: 


P;, 


‘ i diy 




average monthly rain^l for month i 
monthly rainfall dry year for month i 
average yearly rainfall 

yearly rainfall at 80% probability of exceedance 


Similarly values for the wet year can be determined. Results are given in the following table. 



Jan 

Feb 

Mar 

Apr 

May 

June 

July 

Aug 

Sep 

Oct 

Nov 

Dec 

Yev 

av 

0 

5 

2 

to 

49 

79 

106 

109 

128 

97 

26 

2 

616 

dry 

0 

3 

1 

7 

32 

52 

70 

72 

84 

65 

17 

2 

405 

wet 

0 

7 

3 

15 

68 

no 

149 

153 

179 

136 

37 

3 

860 


3.5 Effective Rainfall Method 

To account for the losses due to runoff or percolation losses a choice can be made of one of the four 
methods given in CROPWAT. 

In general, the efficiency of rainfall will decrease with increasing rainfall. For most rainfall values 
below 100 mm/month, the efficiency will be approximately 80%. It is therefore suggested to selea 
Option 1 and give 80% as requested value. 

In the water balance calculations included in the irrigation scheduling part of CROPWAT, a 
possibility exists to evaluate actual Efficiency values for different crops and soil conditions. 


3.6 Rain Data Input 

The input of rainfall data of the dry, normal and wet years for the CWR calculation with CROPWAT 
can be carried out as follows: 

i. Choose option 2 in Main Menu CROPWAT 'CWR Calculations’. 

ii. Choose option 3 in Input Menu 'Climatic Data'. 

Hi. Choose option 2 in Input Menu ETo data. 

iv. Select ETo file of KURNOOL. 

V. Proceed to Rainfall Input. 

vi. Type rainfall data of concerned year and check input. 

vii. Choose effective rainfall method (option 1). 

viii. Check data and save data on diskette with appropriate name. 
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ix. Return to input menu climate data by responding; 

- N(o) on CROPWAT question: "Revise Climatic Data" 

- N(o) on CROPWAT question : "Revise Eff. Rainfall method" 

X. Continue with step i for input climatic data of Dry and Wet year. 


3.7 Saving Climatic Data 

The rainfall data together with the ETo data should be saved after input of one set of data is 
completed. 

The naming of the file should adequately reflect the type of rainfall and ETo data. 

In our case, the following flies are saved: 


KURN-AV: 

KURN-NOR: 

KURN-WET: 

KURN-DRY: 


for average ETo from Kumooi and average rainfall data 
for average ETo data from Kumooi and rainfall data in a normal year (50%) 
for average ETo data and precipitation data of a year with rainfall of 20% 
probability of exceedance 

for average ETo data and precipitation data of a year with rainfall of 80% 
probability of exceedance 


3.8 Printout of Climatic Data 

Table 5 shows a printout of the average climatic data file of KURNOOL (KURN-AV). The climatic 
files of KURN-NOR, KURN-WET and KURN-DRY are included in Appendix I. 


Climate file ; kum-av Climate Station : KURNOOL 



ETo 

Rainfall 

EfT. Rain 


(mm/day) 

(mm/month) 

(mm/month) 

January 

3.8 

0.0 

0.0 

February 

4.9 

5.0 

4.0 

March 

5.9 

2.0 

1.6 

April 

6.6 

11.0 

8.8 

May 

1.6 

49.0 

39.2 

June 

6.8 

79.0 

63.2 

July 

5.7 

106.0 

84.8 

August 

5.5 

109.0 

87.2 

September 

4.9 

128.0 

102.4 

October 

4.3 

99.0 

79.2 

November 

3.6 

26.0 

20.8 

December 

3.4 

2.0 

1.6 

YEAR Total 

1912.8 

616.0 

492.8 mm 

Effective Rainfall: 

80% 



Table 5 

Printout “ Ayerage climatic data Kurnool 



C' , 


iyl t:; mat 
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CROPPING PATTERN AND CROP INFORMATION 


4.1 Introduction 

To determine the irrigation requirements of the Rajolibanda Diversion Scheme, an assessment should 
be made of the different crops grown under irrigation presently and possibly in the future. 
Furthermore, information on the various crop characteristics such as length of the growth cycle, crop 
factors, rooting depth, etc., should be collected. 


4J Data Collection 

A local survey should be carried out in the irrigation scheme to assess the crops grown rainfed as well 
as under irrigation. Through field observations, interviews with extension agents and farmers and 
additional information from other agencies, for instance a revenue department, an assessment can be 
made of the present cropping pattern. 

Essentia] information collected from the field should include: 

1. Crop and crop variety. 

2. First and last planting date. 

3. First and last harvesting date. 

Additional information may include; 

4. Indicative yield level. 

5. Indicative irrigation practices: 

field irrigation methods 
. irrigation frequencies and interval 

irrigation application d^ths. 

From the Agricultural Research Station, more accurate information may be collected on: 

6. Crop characteristics; 

length of individual growth stages 

. crop foctors, relating crop evapotranspiration to grass evaporation 

rooting depth 
allowable depletion levels 
. yield response factors. 


4.3 


The collected information on the planting and harvest dates should be systematically arranged in a 
cropping pattern. 


The planting date of crops, in particular those which cover substantial areas or are high in water 
demands such as rice, may be spread over a period of 3-6 weeks. In such cases the crop may be 
subdivided into different crop units with planting date intervals of lO-IS days. 

Table 6 provides an example of the different crop information to be collected for each crop and crop 
type necessary for the data input in CROPWAT. Figure 3 illustrates a possible distribution of crops 
over the year and over the irrigated area. 
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CROPPING PATTERN 


Project 

: 

Rigulibanda 

Climatic Station : 

KURNOOL 

No. 

CROP 


Area 

% 

Planlinj! 

dates 

Harvest 

dates 

1 

PADDY 


13 

10 July 

10 Nov 

2 

PADDY 


12 

20 July 

20 Nov 

3 

PADDY 


13 

1 Aus 

1 Dec 

4 

PADDY 


12 

10 Aug 

10 Dec 

5 

PADDY 


7 

10 Dec 

10 Apr 

6 

PADDY 


6 

20 Dec 

20 Apr 

7 

PADDY 


7 

1 Jan 

1 May 

8 

COTTON 


15 

I Aug 

1 Feb 

9 

GROUNDNUT 


6 

15 July 

5 Nov 

10 

GROUNDNUT 


7 

1 Aug 

20 Nov 

n 

GROUNDNUT 


7 

15 Aug 

5 Dec 

12 

GROUNDNUT 


20 

15 Dec 

5 Apr 

13 

GROUNDN'UT 


20 

1 Jun 

20 Apr 

14 

GROUNDNUT 


20 

15 Jan 

5 May 

IS 

SORGHUM 


5 

15 July 

IS Nov 

16 

SORGHUM 


5 

1 Aug 

1 Dec 

17 

SUGARCANE 


5 

1 Jan 

1 Jan 


Table € Printout - Cropping pattern 


CROPPING PATTERN 

Rajolibanda^ India 


Area 

Cropped — 
10 X — 
20 * — 
30 K — 
40 X — 
50 X — 
60 X — 
70 X — 
80 X — 
90 X — 
100 X 


KHAR I F RAB I 



1 


Figure 3 


Cropping pattern 
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4.4 Crop Dala Input 


With the help of the data collected in the cropping pattern, the different crop flies containing the 
necessary information for the CWR calculations can now be made. Insofar as the local data collected 
do not contain suffictent information on the different crop characteristics, the Tables in Annex 1 of 
the CROPWAT Manual may be consulted. 

The sequence of steps for the Crop Data Input in CROPWAT (see chapter 5.2 of the Manual) is as 
follows: 

i. In Crop Data Input Menu choose Option 1 New Data Input. 

ii. Give crop name and crop type identification. 

For instance Cropname: Paddy(Kharif), and type in the requested length of growth stage and 
crop factors for each development stage. 

iii. Continue with data input for irrigation scheduling with inputs on rooting depth, allowable 
depletion and yield response factors. 

iv. If conneaed to printer, a printout can be made of the summarized crop data as shown in 
Tables 7 and 8 for paddy and groundnut: 


RICE DATA INPUT 


Cn>p : PADDY 
Growth period 


Lcn){th 

Stage 

Crop coefficient 

Nursery 

(NUR) 

30 

days 

1.20 

Land preparation 

(LP) 

20 

days 

— 

Initial Stage 

(A) 

20 

days 

l.IO 

Devdupm. Stage 

(B) 

30 

days 

— 

Mid-seawn 

(C) 

40 

days 

1.05 

Late Season 

(D) 

30 

days 

0.80 

Total 


150 

days 


Nursery Area 


10 

% 


Land cultivation 


180 

mm 


Percolation rate 


3.0 

mm/day 



Table 7 Prininut - Crop data Paddy 

V. Make sure the data are adequately saved on the disk under an adequate and systematic file 
name convention, for instance: 

for paddy in kharif season: R-PADKH 

for groundnuts in rabi season: R-GRNDNR 

NOTE: file name can only be eight characters long and cannot contain any spaces, points 
or commas. 
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CROP DATA 


Crop : GROUNDNUT/RABI Crop file : grondnul 


Growth Stage 


Init 

Dev el 

Mid 

Late 

Total 

Crop Sta^e 

[days] 

20 

30 

35 

25 

110 

Crop CoelTicient 

[coeff.] 

0.20 

-> 

1.00 

0.70 


Routing Depth 

[meter] 

0.30 

-> 

0.80 

0.80 


Depletion level 

[fract.] 

0.50 

-> 

0.50 

0.50 


Yield'fespoase F. 

[coeff.] 

0.40 

0.60 

1.00 

0.80 

0.80 


Table 8 Printout • Crop data Groundnut 


vi. Proceed to data input of next crop by responding Y(es) to: 
< Input of another crop (Y/N) : N > 
which returns the program to the Crop Data Input Menu. 


5. CROP WATER REQUIREMENT CALCULATIONS 

5.1 Filt Input 

Calculation of the crop water requirements can be carried out by calling up successively the 
appropriate climate data set, the various crop files and the corresponding planting dates. 

In our Rajolibanda project the following sequence is followed: 

Climate files: 1. KURN-NOR - representing normal year 

2. KURN-DRY - representing a dry year 

3. KURN-WET - representing a wet year 

Crop files; 1 . R-PADDYK - Kharif Paddy 

2. R-PADDYR - Rabi Paddy 

3. RC01T0N - Kharif Cotton 

4. R-GRNDNK - Kharif Groundnuts 

5. R-GRNDNR - Rabi Groundnuts 

6. R-SORGHK - Kharif Sorghum 

7. R-SORGHR - Rabi Sorghum 

8. R-SUGARC - Annual Sugarcane 


(Trans)planting dates: 

Paddy Kharif; 

1. 

10 July 



2. 

20 July 



3. 

1 August 



4. 

10 August 


Rabi: 

5. 

10 December 



6. 

20 December 



7. 

1 January 


Cotton: 

8. 

1 August 
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Groundnut Kharif: 

9. 

15 July 


10. 

1 August 


11. 

15 August 


12. 

15 December 


13. 

1 January 


14. 

15 January 

Sorghum: 

15. 

15 July 


16. 

I August 

Sugarcane: 

17. 

1 January 
(perennial) 


For the input of the different files and the subsequent CWR calculations of each crop, the 
following steps are taken within the CROPWAT program: 

i. From the CROPWAT Main Menu Option 2 the CWR Calculation is called up. 

ii. From the Climate Data Input Option 2 is chosen for input of the files from disk. The 
climatic data records are presented on screen and data can be checked and possibly 
modified. 

iii. From the Crop Data Input Menu Option 2 'Input from Disk” is chosen, also here data 
are presented on screen to be checked and possibly modified. 

iv. For the input of the planting date the respective dates are given, the harvest date 
provides a check on the correct length of the growing season. 

SJ CWR Calculations 

After input of the respective climate and crop files and planting dates, CROPWAT presents, in 
tabular form, the results of the calculations. A printout can be made of each of the CWR 
calculations as shown in Tables 9 and 10. 


Irr. Req. of PADDY, transplanted 20 July fur Climate : kurn-av 


Moalli 

Doc 

Stage 

Area 

% 

Coeir 

ETCnf 

mm/day 

» Pete 
mm/d> 

LPrep 

■un/d) 

RkeRq 
r mm/d)' 

imaia 

mm/dcc 

IRReq 

nun/dy 

IRReq 

mm/dc 

Jua 

3 

NX’R 

0.10 

IJO 

0.77 

OJ 

1.8 

2.9 

23 

2.63 

26J 

Jul 

t 

LP 

0J3 

1.18 

2J8 

1.0 

8.1 

11.4 

8.4 

lOJl 

105.1 

Jut 

2 

LP 

0.7g 

l.U 

4.85 

23 

8.1 

15J 

21.9 

U.08 

130.8 

Jul 

3 

A 

1.00 

1.10 

6.09 

3.0 

0.0 

9.1 

28J 

634 

62.4 

Aug 

1 

A 

1.00 

1.10 

6.11 

3.0 

0.0 

9.1 

28.8 

633 

623 

Aug 

2 

B 

1.00 

1.09 

6.00 

3.0 

0.0 

9.0 

29.1 

6.10 

61.0 

All* 

3 

B 

1.00 

1.07 

5.70 

3.0 

0.0 

8.7 

30.8 

5.63 

56J 

Sep 

1 

B 

1.00 

1.06 

5.40 

3.0 

0.0 

8.4 

33.1 

5.09 

50.9 

Sep 

2 

C 

1.00 

1.05 

5.16 

3.0 

0.0 

8J 

35.1 

4.64 

46.4 

Sep 

3 

c 

1.00 

1.05 

4.93 

33) 

0.0 

7.9 

32.2 

4.71 

47.1 

Oct 

1 

c 

1.00 

1.05 

4.70 

3.0 

0.0 

7.7 

30.0 

4.70 

47.0 

Oct 

2 

c 

1.00 

1.05 

4.47 

3.0 

0.0 

7J 

27.4 

4.73 

47J 

Oct 

3 

D 

1.00 

1.01 

4.09 

2.5 

0.0 

6.6 

20.6 

433 

45J 

No* 

1 

D 

1.00 

0.92 

3.56 

1.8 

0.0 

5J 

13.1 

4.00 

40.0 

No* 

2 

D 

1.00 

OJU 

3.06 

0.9 

0.0 

3.9 

5.9 

33$ 

333 

Totals 





672 

357 

180 

1209 

347 


862 


Table 9 Printout - Cnip water requirements paddy (20 July) 
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Crop Evapotranspiration and Irrigation Requirements 


Cluualv I'Ha* : 

Crop : 

kur»-av 

GROUNDNUT/RABl 

CUinatcStalMM : KUKNOOL 
Planliug dale : 15 December 



Month 

Dec 

Stage 

Coeir 

Kc 

ETcrop 

mmiday 

ETcrop 

miB/dec 

Err.Rau 

mm/dec 

IRKeq. 

mm/day 

IRRcq. 

mmydec 

Dec 

2 

init 

OJO 

0.67 

3.4 

OJ 

0.62 

3.1 

Dec 

3 

init 

OJO 

0.70 

7.0 

0.4 

0.67 

6.7 

Jan 

1 

ki/de 

0J7 

0.98 

9J 

03 

0.96 

9.6 

Ju 

2 

defc 

0.47 

1.78 

17J 

0.0 

1.78 

173 

Jaa 

3 

deve 

0,73 

3.05 

303 

0.4 

3.01 

30.1 

Feb 

1 

de/mi 

0.93 

4.21 

42.1 

03 

4.12 

413 

Feb 

2 

mid 

1.00 

4.85 

483 

U 

4.72 

473 

Feb 

3 

mid 

1.00 

5.19 

51.9 

1.1 

5.08 

503 

Mar 

1 

mid 

1.00 

5J2 

55J 

03 

5.44 

54.4 

Mar 

2 

late 

0.94 

531 

55.1 

03 

5.46 

54.6 

Mar 

3 

laic 

0.82 

5.01 

50.1 

13 

4.87 

48.7 

Apr 

1 

late 

0.70 

4.45 

223 

1.1 

433 

113 

TOTAL 





393.6 

83 


3SSJ 


Table 10 Printout - Crop water requirements Groundnut (15 December) 


5J CWR Field Files 

To allow the calculation of scheme irrigation requirements and to evaluate the effect of changes in 
the cropping pattern, each CWR calculation should be saved on a so-called ‘field file’. 

Each field file should receive an appropriate file name, chosen such that it is easily identified. As the 
CWR calculation is different for each climate, crop and planting date, naming of the files is somewhat 
complex and the following codification is therefore proposed: (Reference: CROPWAT S.3.3.) 


1 . 

2 . 

3. 


4. 


Scheme Identification: 1st letter code: 

R identifies the Rajolibanda scheme. 


Climate Type Idem: 2nd letter code: 

N, D, W identifies the climate type (normal, dry, wet, 
average). 

Crop Identification: a 2-Ietter code 

PD = Paddy 

GN = Groundnut 

CT = Cotton 

SO = Sorghum 

SC = Sugarcane 


Planting Date: 


3-letter code 

01-12: January - December 
1-3: 1st - 3rd decade 


The automatic sorting of the data files which is invoked every time CROPWAT is exited will group 
the different field files according to Scheme, Climate and (Ilrop together, which will facilitate the 
selection of the files, for scheme water requirements. A typical CWR field file is thus: 


RN-PD072 for the CWR of a paddy crop (PD), planted in a normal year (N) in the 
Rajolibanda Scheme (R), planted in July (07), tenth (2nd decade). 
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Below a printout of the different field files generated for our cropping pattern and alphabetically 
sorted is given: 


Input Cropping Pattern 


Compose from field files the desired cropping pattern 


The following files are on the data disk: 


RM-CT081 FLD 
eM*G8122 FLO 
RM-PD0&2 FLO 
RM-SG072 FLO 


RH-Gaon Fin 
RM'POOTZ FLO 
RR-P0122 FLO 
RM'SGOai FLO 


RN-GR081 FLO 
RN-POQ73 FLO 
■M>PD123 FLO 


RH-GR082 FLO 
RH'FDOai FLO 
RH-SC011 FLO 


Enter NAME of Field file No. 1 : rn-€tOSl 


Give area COTTON in % ? 20 


Do you v^ant to continue with next field file (Y/N) ? Y 


Table 11 


Input field flies R^olihanda for cropping pattern 


5.4 Summary of CWR Calculations 

A summary of the results of the different CWR calculation for our cropping pattern is given in the 
following table. Results of the individual calculations are given in Appendix 3. 


CROPPING PATTERN 


Project ; Rajulibanda Climatic Station ; KURNOOL 


No. 

CROP 

Am 

% 

PUat. 

dal« 

IllTTfSt 

d4ltV 

ETCrop 

mm 

EfRaio 

mm 

S.Eff. 

% 

Yld.R«t. 

% 

1 

PADDY 

13 

10 7 

10 11 

696.9 

366.7 

too 

0 

1 

PADDY 

13 

30 7 

20 11 

671.7 

347J 

100 

0 

3 

PADDY 

13 

1 8 

1 12 

648.9 

324.1 

100 

0 

4 

PADDY 

12 

10 8 

10 12 

626.5 

298J 

100 

0 

5 

PADDY 

7 

10 12 

10 4 

628.5 

13J 

100 

0 

6 

PADDY 

6 

20 12 

20 4 

660.7 

13.6 

100 

0 

7 

PADDY 

7 

1 1 

1 5 

863.4 

ns 

100 

0 

8 

COTTON 

15 

1 8 

I 2 

597.4 

294.0 

100 

0 

9 

GROI'NDNIT 

6 

15 7 

5 11 

530.1 

288.8 

100 

0 

10 

GROLNDNUT/ 

7 

1 8 

2011 

385.8 

286.1 

100 

0 

11 

CROLNDNLT/ 

7 

15 8 

5 12 

361.7 

248.0 

100 

0 

12 

CROl’NDNXT/ 

20 

15 12 

5 4 

393.6 

8J 

100 

0 

13 

GROUNDNXT/ 

20 

1 1 

20 4 

428.9 

11.6 

too 

0 

14 

GROUNDNCT 

20 

15 1 

5 5 

609.6 

24J 

100 

0 

15 

SORGHUM 

5 

15 7 

15 11 

461S 

325.8 

100 

0 

16 

SORGHUM 

5 

1 8 

1 12 

436J 

290J 

100 

0 

17 

SUGARCANE 

5 

1 1 

1 1 

1794J 

495J 

100 

0 


Table 12 


Printout of crop water requirements 


6 . 


SCHEME AND CANAL WATER REQUIREMENTS 


6.1 Calculation Proceduns 

The irrigation supply to any irrigation scheme or canal command area can be calculaed by adding 
up the requirements of each crop area, as calculated and saved in our field files. 

Any changes in cropping pattern can be conveniently calculated by modifying area size of the 
different field files. 

Similarly, the irrigation supply for each canal unit can be determined. 


SCHEME IRRIGATION REQUIREMENTS 


Project : Climatic Station : KURNOOL 


No 

JAN 


MAK 

APR 

MAY 

JUN 

JUL 

AUG 

SKP 

OCT 

NOV 

Dice 


1 






4a 

8.7 

5.9 

4.8 

4.1 

0.9 

. 


a 




- 


0.9 

9.9 

6.0 

4J 

4.7 

20 



3 







8.6 

6.0 

4.9 

4.9 

40 

. 


4 







43 

8J 

4.9 

4.9 

50 

10 


5 

7a 

8.0 

8.1 

2.0 







40 

8.9 


6 

7.2 

8.0 

8.8 

4a 







0.8 

lOO 


7 

8.0 

9J 

10.6 

8.7 

2.8 







9.1 


8 

2.8 



- 





0.1 

1.7 

30 

30 


9 







0.7 

1.7 

3.0 

2a 

0.7 

. 


10 









0.9 

1.6 

1.4 

. 


II 









03 

1.6 

2.6 

0.7 


12 

1.9 

4.6 

5J 

1.4 








0.4 


U 

0.9 

3.9 

5.7 

3.4 










14 

1.0 

3.0 

7.1 

7.1 

\A 







10 


15 








0.4 

1.9 

1.9 

0.9 

- 


16 









0.9 

20 

20 



17 

3.7 

4a 

5a 

5.9 

5.9 

43 

2.6 

23 

la 

la 

2.7 

30 


SQ 

2.9 

4J 

5.7 

3.7 

oa 

0.9 

4.1 

3a 

2.9 

30 

3.1 

30 

nn/d 

SQ 

86 

U7 

172 

111 

25 

27 

123 

105 

87 

97 

93 

95 

mmlm 

SQ 

0J3 

0.49 

0.66 

0.43 

0.10 

0.10 

0.48 

0.41 

004 

007 

006 

007 

Wh 

Ar 

lOOJ 

85J 

85J 

58a 

13.9 

17a 

54.8 

64a 

85J 

100.0 

860 

80.1 

% 

AQ 

0J3 

oa8 

0.78 

0.73 

0.70 

oa9 

0.87 

0.63 

009 

0.37 

0.41 

0.46 

Ml 


Table 13 Printout - Scheme water requirements R^olibanda 

SQl : Net irrigation supply (mmyday) 

SQ2 : Net irrigation supply (mm/month) 

SQ3 ; Net irrigation supply 0/s/ha) 

AR : Irrigated area (%) 

AQ : Net irrigation supply for irrigated area 0/s/ha) 

The scheme requirement calculations in CROPWAT are initiated from the main menu by selecting 
option 4 ’Scheme Supply'. 


6.2 Field File Input 

The input of the different field files should be made on the basis of the earlier determined cropping 
pattern and planting dates. 
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Each crop planted will be allocated an area size according to the present or a proposed cropping 
pattern. 

An overview of the cropping pattern with crops, area, planting and harvest dates and water 
requirements is provided in Table 12. 


Scheme Water Requirements tSWRI Results 
A printout of the scheme water requirements is shown in Table 13. 


6.4 Evaluation of SWR Results 


The results of the scheme water requirements for the given cropping pattern can now be compared 
with the available supply from the diversion at the anicut or reservoir. 

Average monthly discharge of the Rajolibanda main canal (average over 1975-1985 period) is shown 
in the following table and compared with the calculated scheme requirements based on our schematic 
cropping pattern, and taking into account a 50% efficiency. 





KHAR 

F 





! JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

TOTAL 

Actual Supply 

1 *•* 

36J 

35.4 

36J 

39.6 

38.5 

■81.8 MC.M 

N«( SWR 

1 27.0 

133.0 

105.0 

87.0 

97,0 

93.0 

533.0 BUM 

Irr. EfT. 

! 50% 

50% 

50% 

50% 

50% 

50% 

% 

GronSWR 

I 54.0 

346.0 

310.0 

174.0 

194.0 

186.0 

1064.0 min 

IfT. Area 

1 10000 

10000 

10000 

10000 

10000 

10000 

IIA 

Supply Req. 

i 

34.6 

31.0 

17.4 

19.4 

18.6 

106.4 MC.M 

Rcqmr ./Supply 

[ »3* 

94% 

59% 

48% 

49% 

48, 

59% 


Table 14 Evaluation scheme water supply Kharif season 


The ratio estimated scheme requirements and actual supply (average of 10 years) gives some 
interesting information on efficiency of supply and may provide indications for further adjustments 
in the cropping pattern and scheme water supply. 


RABI 



1 DEC 

JAN 

FEB 

MAR 

APR 

MAY ; 

TOTAL 

Actual Supply 

J 35.4 

34.9 

31J 

35.8 

30.0 

-1 

168.4 MCM 

S^SWR 

1 55.0 

86.0 

137.0 

173.0 

111.0 

15.0 1 

616.0 mm 

Irr. Eir. 

! 50% 

50% 

50% 

50% 

50% 

50% ! 

% 

Grow SWR 

1 190.0 

173.0 

354.0 

344.0 

333.0 

5o.e 1 

1333.0 mm 

IfT. Area 

1 10000 

10000 

10000 

10000 

10000 

10000 1 

HA 

Supply Req. 

1 19.0 

17J 

35.4 

34.4 

U2 

5.0 I 

123 J MCM 

Requir ./Supply 

I 54% 

49% 

81% 

96% 

74% 

455» 1 

73% 


Table 15 Evaluation scheme water supply Rabi season 
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7. 


IRRIGATION SCHEDULING 


7.1 Inlroduction 


An important element of CROPWAT is the irrigation scheduling program, which has several 
application possibilities: 

i. to develop indicative irrigation schedules: 

for the agricultural extension service to promote better irrigation practices 
for the irrigation service to establish improved rotational delivery schedules; 

ii. to evaluate existing irrigation practices on water use efficiency and water stress conditions; 

iii. to evaluate crop production under rainfed conditions, to assess feasibility of supplementary 

irrigation and to develop appropriate irrigation schedules; 

iv. to develop alternative water delivery schedules under restricted water supply conditions. 

The calculations of the scheduling program are based on a soil water budget, where, on a daily basis, 
the soil moisture status is determined, accounting for all ingoing and outgoing water in the root zone. 

We will see using our example from the Rajolibanda scheme how the different applications are 
worked out. 

7.2 Data Input 

The data required for the water balance equation are: 

i. Crop water requirements, as calculated from climatic data (ETo) and crop data (Kc, length 
of growth stages) representing uptake of water from the root zone by the crop; 

ii. Rainfall, provided with the input of climatic data; 

iii. Crop data, rooting depth, allowable depletion and yield response factors as provided earlier 
V'ith the input of crop data; 

iv. Soil data, information on the total available soil moisture content is required for the water 
balance calculations. 

7.2.1 Soil data collection 

Information from the soil surveys carried out in the Rajolibanda area show two distinct soil 
categories: 

i. sandy loams, red loams and silty loams covering 21% of the command area, relatively 
shallow and free-draining, particularly suitable for upland crops; 

ii. black clay soils, covering 77 % , deep but poorly drained, suitable mainly for paddy and deep 
rooting crops like cotton. 

No exact information on available soil moisture content of either of the two soils is available. A 
reasonable estimate seems: 

- 140 mm/m for Red Sandy Loams 

- 200 mm/m for Black Clay Soils 
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12.2 Soil data input 


The soil information on available soil moisture content can accordingly be provided to the CROPWAT 
scheduling program and saved for later reference. 

Irrigation Scheduling Applications 

To illustrate the different applications of the scheduling program, we will subsequently work out four 
examples; 

7 J.l Development of indicative irrigation schedule 
Objective: 

To determine the irrigation water supply for a given crop in terms of frequency and irrigation 
depth, assuring optimal crop growth and efficient water use. 

Conditions: 

The irrigation schedule should meet the requirements of the field irrigation method practised 
and the operational criteria of the irrigation system (Warabandi). Furthermore, the validity 
of the schedule for different soil types and for variable rainfall conditions should be assessed. 

Required data and information: 

The essential information required for the development of an indicative schedule is given 
below for two crops: 


Crop: 

Groundnut 

Planting date: 

I November 

Climate: 

Kurnool Normal, Wet and Dry Years 

Soil: 

Red Sandy Loam (140 mm/m) 

Irrigation method: 

Furrow irrigation 

Net application: 

40-50 mm 

Irrigation supply: 

Warabandi system with fixed rotational interval period 

Crop: 

Cotton 

Planting date: 

1 August 

Climate: 

Kurnool Normal, Wet and Dry Years (ET„ and Rain) 

Soil: 

Black Clay Soil (200 mm/m) 

Irrigation method: 

Basin irrigation 

Net application: 

70-80 mm 

Irrigation supply: 

Warabandi system with fixed rotational interval period 


Scheduling procedures: 

In order to develop the irrigation schedule which would fit our requirements, an interactive 
procedure is followed in which several runs are made with different timing and application 
options. Reference is made to chapter 7 of Part I which describes the input procedures. 

The results of each run will be evaluated providing the information for the next option. A 
printout of each run is given in Appendix 4. 1 with summarized results given in Table 17. An 
example of the printout of an irrigation schedule developed for groundnut is given in Table 
16. The different runs provide an indication of the criteria which are evaluated and used for 
the next run. 
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IRRIGATION SCHI^OUUNG 


GROUNDNUT/RABl 15 December 


Climate Sutioa : KIJRNOOL 

Crop : GROU>0)Nirr/RABI 

Soil : Red Sandy Loam 


Climate LUe : kam-av 

Plantiog date : 15 December 

Arailable SoSmoist : 140 mm/m 

laitial Soilmoist : 140 mm/m 

Irrigatioo OpCioos idectcd : 

Tminf : Dates defined by user :/ 40 / SO / 60 / 70 / 80 / 90 /1 00 

Apfilicatioo : Fixed Irricattua depth of 45 mm 


Fldd Applkfttioa Effidcacy 70% 


No. lot Dote 

Stage Deplet 

TX 

ETA 

NetDep. 

Deficit 

Lms 

GrDep. 

Flow 

Irr. dsyt 

% 

% 

% 

aim 

mm 

mm 

HUB 

L/s/ha 

1 4Q 25 Jon 

B S3 

100 

100 

45.0 

7.0 

0.0 

643 

0.19 

2 10 5 r«b 

B 38 

100 

100 

45.0 

0.0 

2.6 

643 

0.74 

3 10 IS Feb 

C 39 

100 

100 

45.0 

0.0 

1.1 

643 

0.74 

4 10 25 Feb 

C 43 

100 

100 

45.0 

3.7 

0.0 

643 

0.74 

5 10 5 Mor 

C 50 

100 

100 

45.0 

11.1 

0.0 

643 

0.74 

6 10 15 Mat 

D 58 

93 

99 

45.0 

20.0 

0.0 

643 

0.74 

7 10 25 Mar 

D 62 

82 

97 

45.0 

25.0 

0.0 

643 

0.74 

END 11 6 Apr 

D 62 

83 

97 






Total Groa Irrigadoa 

450.0 mm 


Total RainfaU 


10.0 mm 


Total Net Irrigatioa 

315.0 mm 


FTfective Raia 


10.0 

mm 


Total Irrigatioa Losses 

3.7 mm 


Total Raiu Lou 


0.0 mm 


Moist Deficit at harvest 

69.1 mtu 








Net Supply 4- Soil reteotioa 

384.1 mm 








Actual Water use by crop 

390.4 mm 


Actual Irr.Req 


380.4 mm 


Potential Water use by crop 

393.6 mm 








Elfideocy Irr. Schedule 

98.8% 


Efficieocy Ram 

100.0% 




Deficieocy Irr. Schedule 

0.8% 








YIE1.D RFJIUCTIONS Stage 

A 


B 

C 

D 

Season 


Reductioos ia ETC 

0.0 


0.0 

0.0 

2.5 

OJ 

% 


Yield Response factor 

0.40 


0.60 

1.00 

0.80 

0.80 



Rniucliiiiu ia YkM 

0.0 


0.0 

0.0 

2.0 

0.6 

% 


Cumulative 31eld reduct. 

0.0 


0.0 

0.0 

2.0 


% 



Table 16 


Printout • Selected irrigation schedule for groundnut 


For groundnut , the following sequence of runs is made: 
Run I 


Timing Option: 
Application Option: 
Evaluation Criteria: 


Run 2 

Timing Option: 
Application Option; 
Evaluation Criteria: 


(2) Irrigation at critical soil moisture content 
(2) Refill to field capacity 

- Interval variance (16-11 days) 

- Application variance (49-60 mm) 


(5) Irrigation after after fixed depletion soil moisture (40 mm) 
(4) Refill of fixed application depth (40 mm) 

- Interval variance (13-7 days) 


ss 


Run 3-5 


Timing Option: 
Application Option: 
Evaluation Criteria: 


Run 6 

Timing Option: 

Application Option: 
Evaluation Criteria: 


(4) Irrigation at various fixed intervals (7 days - 10 days) 
(4) Refill of fixed application depth (40-45 mm) 

- Irrigation efficiency (61-72%) 

- Eventual yield reduction (0 - 10-2%) 


(1) Each irrigation determined by user (40, SO, 60, 70, 80, 90, 
100 days) 

(4) Refill at fixed application depth (4S mm) 

- Irrigation efficiency (99%) 

- Yield reduction (2%) 


Run 7S 

The effect of the selected irrigation schedule on irrigation and rain efficiency and yield 
reduction is evaluated for varying soil type and rainfall (dry and wet years): 

Timing Option: (1) Each irrigation defined by user (40, 50, 70, 80, 90, 100 

days) 

Application Option: (4) Fixed irrigation depth (45 mm) 

Evaluation Criteria: - Irrigation efficiency (98-99%) 

- Yield reduction (13-0%) 


GROUNDNXT 

Flaotiog date 15 Decanber 







Run 

Timiog 

OplMO 

Appiic. 

OptiM 

Interval 

days 

Appiic. 

depth 

Irrig. 

TtlTBS 

Irrig. 

Supply 

(mm) 

Sched. 

EfTic. 

Yield 

Redve. 

Rain 

EHic- 

A? engc Y«ftr (10 nai 

) Red SoDdy Lotm (140 m/b) 






1 

2 

2 

39-lfr-U 

4»-40 

4 

339 

100% 

. 

95% 

2 

S 

4 

36-13-7 

40 

9 

360 

100% 

. 

100% 

3 

4 

4 

7 

40 

15 

600 

61% 

- 

89% 

4 

4 

4 

10 

40 

11 

440 

75% 

10% 

100% 

5 

4 

4 

10 

45 

11 

495 

72% 

2% 

100% 

6 

1 

4 

40-10 

45 

7 

315 

99% 

2% 

100% 

Average Year (10 bud 

) Red Swdy (100 nuii^iD) 







7 

1 

4 

40-10 

45 

7 

315 

98% 

13% 

100% 

Arenife Year (10 aui 

1 Red Loamy (180 auae/m) 







8 

1 

4 

40-10 

45 

7 

315 

99% 

0% 

100% 


Table 17 Summarized results scheduling runs for groundnut 


A similar procedure can be followed for cotton, of which the results are shown in Table 18. 

As rainfall is more substantial (average 367), the effect of precipitation for wet and dry years is 
evaluated in separate runs, as well as the effect of medium and light soils. 
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COTTON 

Planting date 1 Auguvl 







Rub 

Oplkto 

Applic. 

Option 

Interval 

da>8 

Applic. 

depth 

(nun) 

Irrig. 

Tunis 

Irrig. 

Supply 

(mm) 

Sched. 

EiTiC. 

Yield 

Reduc. 

Rak 

fjnk. 

Av«rag« Ye*r (367 oui) Black Clay Soil (200 mm/in) 

1 

2 

2 

130-51 

171 


171 

100% 


74% 

2 

5 

4 

103-23-28 

90 

4 

320 

100% 

- 

73% 

3 

4 

4 

100-20 

80 

5 

400 

70% 

. 

73% 

4 

4 

4 

100-20 

70 

5 

350 

80% 

. 

73% 

5 

1 

4 

100-20 

70 

4 

280 

97% 

• 

74% 

Average Ye^r (367 mt 

a) Red Sandy Loam (140 mm/m) 






6 

1 

4 

100-20 

70 

4 

280 

97% 

- 

95% 

Average Year (367 ou 

a) Red Sandy (100 mm/m) 







7 

1 

4 

100-20 

70 

4 

280 

97% 

. 

73% 

Dry Year 

(240 Mm) Black Clay Soil (200 mm/m) 







8 

1 

4 

100-20 

70 

4 

280 

100% 

- 

91% 

Wei Year 

(513 mm) Black Clay Soil (200 mm/m) 







9 

1 

4 

100-20 

70 

4 

280 

86% 

. 

62% 

10 


4 

120-20 

70 

3 

210 

100% 

■ 

62% 


Table 18 Sumraarized results scheduling nms for cotton 


7.3 J Evaluation of irrigation practices 
Objective'. 

To assess adequacy of existing irrigation practices in terms of efficient water use and 
production level as a base to develop and promote better irrigation practices. 

Required data and information: 

In order to evaluate existing practices, actual data should be collected through field surveys 
and interviews with farmers. Although a detailed survey would provide more accurate 
information, a rapid survey on certain parameters would provide already useful indications, 
as shown in our example. 

The minimum data information should include, apart from general information on climate, 
crops and soils; 

Crop information: 

Climate: 

Irrigation freq: 


Irrigation appi: 
Soil: 
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Variety, planting date, harvest date 

Data on actual rainfall over concerned growing season, as far as 
available 

Actual dates of irrigation, or 

Average irrigation interval practised, or Number of irrigations over the 
growing season. 

Estimate of average irrigation depth per irrigation according to irrigation 

method praaised 

Estimate texture class of soil 
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Example: Sorghum 


During a field visit to Rajolibanda (1986), the following information was obtained from discussions 
with farmers and from field observations: 


Crop: 

HYV sorghum, grown for certified seed production 

Planting date: 

13 September 

Harvest date: 

20 January (estimated) 

1st irrigation: 

25 November 

Interval period: 

20-25 days 

Irrigation method: 

Basin irrigation, size 10 x 25 m 

Application depth: 

70-80 mm (estimated) 

Soil type: 

Red Clay (180 mm/m) (estimated) 

Rainfall data: 

Sept. 8 mm Oct. 107 mm 


Nov. 67 mm Dec. 0 


Jan-April 0 mm 

ET, 

Average climate data Kurnool 


Data Processing 

Climate file generated with updated rainfall information, (see Appendix 4.2) 

Crop file for HYV sorghum updated (127 days). 

Soil file updated for Red Clay (180 mm). 

CWR Calculation 

The crop water requirements calculated for the concerned crop show: 

Total ETcrop =412 mm 

Eff. Rain = 135 mm 

Irr. Requirement = 227 mm 

Scheduling Procedures 

After processing of CWR calculations and soil data input the following options are selected: 

Timing Option: (1) Each irrigation defined by user 

Application Option: (4) Fixed irrigation application according to field irrigation 

method (70 mm) 

A printout of the results is given in Table 19. 

The example shows a reasonably good adaption of farmers’ practice to calculated irrigation 
requirements. 

A further check may be made how valid the practice is, for instance, in normal, dry and wet years. 
Also a further assessment in the field of the application depth may confirm the results. 

7.33 Rainfed production and supplementary irrigation 

Objective: 

To assess the adequacy of rainfall for crop growth. 

To determine yield reductions due to rainfall deficits. 
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IKKJGATION SClIKDULING IIYV Sor«biiin U Sf^Kmbrr 


Cluuiilr Statioa : KURNOOL 

Crop : HYV Soi^um 

Sofl : RmI CUy 

Irnpatioa OpCioas detected : 

Tioititg : DaUs dfRoMi by mer U fX f 9i /114 

AppUcatioo : Mxsd Irripatioa depth of 70 sun 


Cliitiate tHe : kuni-SO 

PLuUlus date : U S^ember 

AraiUble SoO aiaiMure : 180 mui/m 

Initial Sod moisture : 180 tornyui 


field Applicatioa EfTtciency 70% 


No. 

Irr. 

lot 

days 

Date 

5tlace 

Deplet 

% 

TX 

% 

ETA 

% 

NetDep. 

ram 

DefWit 

mm 

mm 

GrDep. 

mm 

How 

L/s/ha 

1 

72 

25 Nov 

c 

27 

lOO 

100 

70.0 

0.0 

21.4 

100.0 

0.16 

2 

21 

16 Dec 

c 

39 

100 

100 

70.0 

0.0 

OJ 

100.0 

0.55 

3 

21 

7 Jao 

D 

42 

100 

100 

70.0 

5.1 

0.0 

100.0 

0.55 

EM) 

14 

21 Jao 

1) 

23 

100 

100 






Total Grom Irrigatkto 

300.0 tmu 


Total Haiofal 


184.4 mm 


Total Irrigatioa 

210.0 mm 


ElTective Rain 


182.5 mm 



Total IrrigatioB Lo&scb 21.7 mia Total Rain Loss 2.0 mm 


MuHt Deficit at han>est 41.1 mm 

Net Supply 4- So3 retention 251.1 mm 


Actual Water use by crop 411.9mm 

Potential Water use by crop 41 1 .9 mm 

Efficiency Irr, Schedule 89.7 % 

DeTiciency Irr. Schedule 0.0 % 


Actual Irr.Rcq 

FiTvieocy Rain 98.9 % 


No yield reductions due to water sbortape 

Table 19 Printout > Evaluation irrigation practices soi^hum 

To determine feasibility of supplementary irrigation. 

To develop supplementary irrigation schedules. 

Required data: 

Climate: The rainfall data used will concern in general statistically processed values with 

assigned probability values (80, SO or 20), but also historical rainfall data may be used. 
In our example, climatic data of a normal year (S0%) are used. 

Crop: Crops and crop varieties normally grown under rainfall should be taken. An adjustment 

of the crop file may be necessary as rainfed crops will in general be better adapted to 
stress conditions than higher yielding irrigated crops; consequently length of growing 
stages, rooting depth, allowable depletion levels and yield response factor will need to 
be adjusted. In our example, cotton has been used as a crop to show the procedures. 

Soil: Predominant soils for rainfed crops should be taken. In our example, the deep Black 

Clay Soils have been used to assess suitability of rainfed cotton. 

CWR Calculations 


The crop water requirements of cotton calculated earlier show for cotton planted I August 
the following summarized results: 
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Total ET cotton = 750 mm 

Effective rain = 250 mm 

Irr. Requirements = 501 mm 

Scheduling Procedures 

To assess the effect of rainfall deficits on crop growth, the following options should be 
selected in CROPWAT: 

Timing Option: (8) Rainfed, no irrigation applied 

Application Option: Not required 

A printout of the results is shown in Table 20. 





IRRIGATION SCHEDULING 

COTTON 1 Ausust 




Climate Sutioa : 

KURNOOL 




Climate llle 



kum-wet 


Crop 

; 

COTTON 




Plauiiug 



1 August 


Sofl 


niock Clay Soil 



Available Soil mouturc 


200 mm/m 


Irrigalkm Optioiu selected : 










Tuning 

: No Irrigatioas. only KaiafaU 









Kield Applicalioa fc^/Iicieiicy 70% 










No. 

lot 

Date 

Stage DepliA 

TX 

ETA 

NetOep. 

IMicH 

Lou 

GrDep. 

l-low 

Irr. 

days 


• 

% 

% 

% 


miu 

min 

mm 

L/a/ba 

1 

11 

11 Aug 

A 

10 

100 

100 

15J 

8.9 

353 

50.9 

034 

2 

10 

21 Au| 

A 

7 

100 

100 

22.1 

8.7 

28.9 

51.0 

039 

3 

10 

ISrp 

B 

6 

100 

100 

21.4 

8J 

32.4 

53.9 

0.62 

4 

10 

11 Sep 

B 

6 

100 

100 

23J 

lOJ 

34.9 

58.1 

0.67 

5 

10 

21 Sep 

B 

6 

100 

100 

28J 

12.5 

333 

61.7 

0.71 

6 

10 

1 Oct 

B 

6 

100 

100 

33.6 

143 

22.8 

56.4 

0.65 

7 

to 

11 Oct 

B 

6 

100 

100 

44.7 

16J 

7.8 

52.6 

0.61 

8 

10 

21 Oct 

C 

7 

100 

100 

48.0 

20J 

0.0 

48.0 

036 

9 

10 

1 Nov 

C 

10 

100 

100 

36.1 

283 

0.0 

36.1 

0.42 

10 

10 

11 Nov 

C 

17 

100 

100 

22J 

48.4 

0.0 

223 

036 

11 

10 

21 Nov 

C 

28 

100 

100 

9J 

79.0 

0.0 

93 

0.11 

12 

10 

1 D«c 

C 

40 

100 

100 

6.6 

111.4 

0.0 

6.6 

0.08 

13 

10 

11 Dec 

C 

52 

lOO 

100 

3J 

145.4 

0.0 

33 

0.04 

14 

10 

21 Dec 

U 

64 

92 

99 

1.0 

179.7 

0.0 

13 

0.01 

IS 

10 

1 Jaa 

D 

73 

68 

79 

0.7 

205.8 

0.0 

0.7 

0.01 

16 

10 

11 Jan 

D 

80 

52 

59 

OJ 

223.7 

0.0 

03 

0.00 

17 

10 

21 Jan 

D 

84 

40 

45 

0.0 

2363 

0.0 

0.0 

0.00 

END 

10 

1 Feb 

D 

87 

33 

36 






Total (iron IrriKatioa 

0.0 mm 



Total Raiafan 


5133 mm 


Total Net Inrigatioa 


0.0 mm 



FiTeedve Rain 


3173 mm 


Total IrriKatioa Loasea 

0.0 mm 



Total Rain Lorn 


195.8 mm 


E/ncieacjr Irr. Schedule 

100.0% 



E/ficiency Rain 


61.9% 


Deficiency Irr. Schedule 

8.4 % 










YIELD REDUCTIONS Stage 

A 

B 

c 

D 

Seosun 

Reductions in ETC 

0.0 

0.0 

0.0 

36.8 

8.4 % 

\'»ekl Response factor 

0.40 

0.60 

030 

0.40 

0.80 

Reductions ia Yidd 

0.0 

0.0 

0.0 

14.7 

63 % 

Cumnlative Yicid reduct. 

0.0 

0.0 

0.0 

14.7 

% 


Table 20 Printout - Rainfed production level of cotton 


Cl- / ■■■■"d 
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Results show clearly that the yield of cotton is substantially affected by stress in the latter part of its 
growing stage, which will no doubt cause a premature senescence of the crop. 

Supplementary irrigation will probably increase crop yields. 

A supplementary supply of three irrigations every three weeks from 1 November would guarantee an 
optimal cotton production, as determined earlier under para. 7.2.1. 

For further details, reference is made to Appendix 4.1. 


7 J.4 Dendt irrigation 
Objective 

To assess the effect of limited water supply on crop growth for conditions of restricted 
water availability. 

To develop an alternative irrigation schedule optimizing crop production under limited 
water supply conditions. 

Required Data 

A similar data set as used under option 7.2. 1 can be used. 

We have taken groundnuts planted in Rabi on 1 November with a normal climatic data set, 
grown on a red clay soil as an example to show the calculation procedures. 

CWR Calculations 

Crop water requirements of groundnuts have been calculated earlier: 

Total ET crop : 387 mm 

Effective rain : 27 mm 

Irr. Requirements : 350 mm 

Scheduling Procedures 

The following options should be selected in the CROPWAT scheduling program: 

Timing Option: Deficit Irrigation: 

(7) Fixed yield reduction or 
(6) Fixed ETo reduction; 

NOTE: as our aim is to optimize crop production under restricted water supply, we will 
choose option 7. 

An initial value: 10% may be given, in later runs possibly increased or decreased. 

Application Option: (4) Fixed irrigation depth 

40 mm typical for groundnut irrigated on furrows. 


Scheduling Results 

In Table 21 the results of the schedule are shown, with an approximate 10% reduction in 
yield. The irrigation supply is 240 mm, compared to a previous irrigation supply requirement 
of 440 mm (see para. 7.4. 1). 
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IRRIGATION SCHEDULING 


GROUNDNUT/RABI 15 Dccfsiber 


CliiiuUe Siatioa : KURNOOL Oiinate >lle 

Crop : GROL'NDNUT/RADl PUutiug date 

Soil : Red Saody I><Mun Avaflable So9 moistiire 

Loitial Soil moisture 

InigiUiua Optioiu selected : 

Timing t Fixed yield deficit of: 10 % 

Applkatioa : Fixed Irrigatioa depth of 45 nun 


Held Application FTficicocy 709 


No. 

Irr. 

Int 

days 

Date 

Stage 

Depict 

% 

TX 

% 

ETA 

% 

NeiDep. 

■HID 

Deficit 

mm 

Lom 

turn 

GrDep. 

nim 

Flow 

L/a/ha 

1 

51 

6 Feb 

C 

73 

58 

89 

45.0 

36.7 

0.0 

64J 

0.15 

2 

11 

17 Feb 

C 

71 

d3 

88 

45.0 

35,0 

0.0 

64J 

0.68 

3 

10 

27 Feb 

c 

71 

65 

89 

45.0 

34.0 

0.0 

64J 

0.74 

4 

10 

7 Mar 

c 

72 

62 

88 

45.0 

35.7 

0.0 

64J 

0.74 

5 

10 

17 Mar 

D 

74 

59 

86 

45.0 

37.4 

0.0 

64J 

0.74 

6 

10 

27 Mar 

D 

72 

61 

87 

45.0 

36.0 

0.0 

64J 

0.74 

END 

9 

6 Apr 

D 

62 

82 

96 







: kuni-ae 
i 15 December 
: 140mm/iB 
: 140 mm/m 


Total Grou Irrigatioa 

385.7 mm 

Total RainfaD 

10.0 mm 

Total Vet Irrigation 

270.0 mm 

EiTeedve Rain 

10.0 mm 

Total Irrigation Iximes 

0.0 mm 

Total Rain l.<m 

0.0 mm 

Moist Deficit at harvest 

69.8 mm 



Net Supply -f Soil retention 

339.8 mm 



Actual Water use by crop 

349.8 mm 

Actual Inr.Req 

339.8 mm 

Potential Water use by crap 

393.6 mm 



Efficiency Irr. Schedule 

100.0 9 

Efficiency Rain 

100.09 

Deficiency irr. Schedule 

11.1 9 




YIELD REDUCTIONS Stage A B C D Sensoa 

% 

% 
% 

Table 21 Printout • Deficit irrigation of groundnut 


Reductions in ETC 

0.0 

11.0 

11.1 

12.5 

11.1 

Yield Kapoiue factor 

0.40 

0.60 

1.00 

0.80 

QM 

Reductions in Yield 

0.0 

6.6 

11.1 

10.0 

8.9 

Cumulative Yield reduct. 

0.0 

6.6 

17.0 

25J 
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APPENDIX I 

PRINTOUT CLIMATIC DATA RLES 

1. Reference Erapotranspiration Kumool 

2. Average Climatic Data Kumool 

3. Dry Year Climatic Data Kumool 

4. Normal Year Climatic Data Kumool 

5. Wei Year Climatic Data Kumool 

6. 198ii Climatic Data Kumool 
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1 . 


Reference Evapotranspiration ETo according Penman-Monteith 


Country : RAJOLIBANDA Meteo Station : KURNOOL 


Altitude 

; 281 meter 


Coordinates 


: Ifi.OON.L. 

Month 

ArfTeap 

Humidity 

Wiodspeed 

SuttshiM 

Radiutiou 

ETo- 



% 

km/day 

boun 

MJ/oi’/day 

PeuMon 

uun/day 

JuMiary 

34J 

51 

117 

8.1 

8.8 

3.82 

Febnuuy 

UJi 

41 

132 

8.4 

10.0 

4.85 

March 

30.0 

35 

148 

7.6 

10.9 

5.86 

Aprfl 

32.7 

37 

167 

7J 

11.9 

6.60 

M«y 

33.6 

41 

257 

6.7 

11.9 

7.64 

JlIM 

30J 

58 

405 

5J 

IIJ 

6.78 

July 

28J 

66 

409 

4.9 

10.9 

5.66 

August 

27J 

66 

353 

5.6 

11.4 

SSO 

September 

37.6 

67 

243 

6.0 

IIJ 

4.91 

October 

37.4 

64 

115 

7J 

11.0 

4J6 

NoTMiber 

25.1 

58 

98 

7.4 

9J 

3.64 

December 

23J 

55 

94 

7.9 

8.4 

3.36 

YEAR 

28.1 

53 

211 

6.9 

10.6 

19U 


2 . 


Climate file : kum*av 


Climate Station 

: KURNOOL 


ETo 

Rainfall 

Eff. Rain 


(mm/day) 

(nun/month) 

(mm/month) 

January 

3.8 

0.0 

0.0 

February 

4.9 

5.0 

4.0 

March 

5.9 

2.0 

1.6 

April 

6.6 

11.0 

8.8 

May 

7.6 

49.0 

39.2 

June 

6.8 

79.0 

63.2 

July 

5.7 

106.0 

84.8 

August 

5.5 

109.0 

87.2 

September 

4.9 

128.0 

102.4 

October 

4.3 

99.0 

79.2 

November 

3.6 

26.0 

20.8 

December 

3.4 

2.0 

1.6 

YEAR Total 

19U.8 

616.0 

492.8 nun 

Effective Rainfall: 

80% 
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APPENDIX 2 


CROP DATA HLES 

Paddy 

Sorghum 

Sugarcane 

Cotton 

Groundnut - Kharif 
Groundnut - Rabi 


97 
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RICE DATA INPUT 

Crop : PADDY 




Growth period 


Length 

Stage 

Crop coefficient 

Nursery 


30 

days 

1.20 

Land preparation 


20 

days 

~ 

Initial Stage 

(A) 

20 

days 

1.10 

Derelopm. Stage 

(B) 

30 

days 

— 

Mid-season 

(C) 

40 

days 

1.05 

Late Season 

(D) 

30 

days 

0.80 

Total 


ISO 

days 


Nursery Area 


10 

% 


Land cultivation 


180 

mm 


Poxolation rate 


3.0 

nun/day 



Crop data : 1 

SORGHUM 


Crop file 

: SORGHUM 


Growth Stage 


Init 

Devel 

Mid 

Late 

Total 

Length Stage 

[days] 

20 

40 

30 

30 

120 

Crop Coefficient 

[coefT.] 

0.40 

-> 

1.15 

0.50 


Rooting Depth 

(meter) 

0.30 

-> 

1.40 

1.40 


Depletion level 

[fract.] 

0.60 

-> 

0.50 

0.80 


Yield-response F. 

[coeTT.] 

0.20 

0.40 

0.55 

0.20 

0.90 


Crop data : SUGARCANE-AVE 


Crop file 

SUGARCAN 


Growth Stage 


Init 

Devel 

Mid 

Late 

Total 

Length Stage 

(days) 

90 

90 

90 

90 

360 

Crop Coefficient 

(coeir.) 

0.95 

-> 

0.95 

0.95 


Rooting Depth 

[meter] 

1.50 

-> 

1.50 

1.50 


Depletion level 

[fract.] 

0.60 

•> 

0.60 

0.60 


Yield-response F. 

(coelT.) 

1.20 

1.20 

1.20 

1.20 

1.20 


Copyrighted material 






COTTON 


Crop file : cotton 


Growth Stage 


Init 

Devd 

Mid 

Late 

Total 

Length Stage 

[days] 

30 

50 

55 

45 

180 

Crop Coefricient 

[coeiT.] 

0.40 

-> 

1.10 

0.55 


Rooting Depth 

[meter] 

0.30 

-> 

1.40 

1.40 


Depletion level 

[fract.] 

0.60 

-> 

0.60 

0.60 


Yield-response F. 

[coefT.] 

0.40 

0.60 

0.80 

0.40 

0.80 


Crop data : GROUNDNOT/KHARIF 


Crop file : fjrondnut 


Growth Stage 


Init 

Devd 

Mid 

Late 

Total 

Length Stage 

[days] 

20 

30 

35 

25 

no 

Crop Coefficient 

[coelT.] 

0.40 

-> 

1.00 

0.70 


Rooting Depth 

[meter] 

0.30 

-> 

0.80 

0.80 


Depletion level 

[fract.] 

0.50 

-> 

0.50 

0.50 


Yield-response F. 

[coeff.] 

0.40 

0.60 

1.00 

0.80 

0.80 


Crop data : GROUNDNITT/RABI 


Crop file 

: grondnut 



Growth Stage 


Init 

Devd 

Mid 

Late 

Total 

Length Stage 

[days] 

20 

30 

35 

25 

no 

Crop Coeffident 

[coeff.] 

0.20 

-> 

I.OO 

0.70 


Rooting Depth 

[meter] 

0.30 

-> 

0.80 

0.80 


D^ielaon lerel 

[fract.] 

0.50 

-> 

0.50 

0.50 


Yidd-response F. 

[coeff.] 

0.40 

0.60 

1.00 

0.80 

0.80 



















APPENDK 3 

CROP WATER REQUIRMENTS CALCULATIONS 


No. 

Crop 

(T) Plant Date 

Harvest Date 

1 

Paddy 

10 July 

10 Nov 

2 

Paddy 

20 July 

20 Nov 

3 

Paddy 

1 Aug 

1 Dec 

4 

Paddy 

10 Aug 

10 Dec 

5 

Paddy 

10 Dec 

10 Apr 

6 

Paddy 

20 Dec 

20 Apr 

7 

Paddy 

1 Jan 

I May 

8 

Colton 

15 July 

1 Feb 

9 

Groundnut 

15 July 

5 Nov 

10 

Groundnut 

1 Aug 

20 Nov 

11 

Groundnut 

15 Aug 

5 Dec 

12 

Groundnut 

15 Dec 

5 Apr 

13 

Groundnut 

1 Jan 

20 Apr 

14 

Groundnut 

15 Jan 

5 May 

15 

Sorghum 

15 July 

15 Nov 

16 

Sorghum 

1 Aug 

1 Dec 

17 

Sugarcane 

perennial 
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Crop 1 





Rice Evapotranspiration and IirtBation Requirements 


CUmate File 
Crop 

EfTectire Rainfal 

: knr»-av 

: PADDY 
: 90% 


StatUM 

Date of TransplaBt 

t KURNOOL 
t 10 July 


Mooth 

Dec 

Stage 

Area 

% 

Ceeir 

ETCrop 
mm/ day 

Pete 

mm/dy 

LPrep 

mm/dy 

RiceRq 

mm/dy 

ETTRaiu 

mm/dec 

IRReq 

moi/dy 

IRReq 

mm/dc 

Job 

3 


0.10 

IJO 

0.81 

OJ 

1.8 

3.9 

3.1 

2.70 

27.0 

Ju> 

3 

LP 

0J3 

1.18 

2.45 

1.0 

8.1 

11.5 

7.6 

10.76 

107.6 

Jul 


LP 

0.78 

l.U 

5J0 

2J 

8.1 

15.6 

20.0 

13.62 

136J 

Jal 

2 

A 

1.00 

1.10 

6.12 

3.0 

0.0 

9.1 

29J 

6.29 

62.9 

Jul 

3 

A 

1.00 

1.10 

6.09 

3.0 

0.0 

9.1 

29J 

6J4 

62.4 

Aug 


B 

1.00 

1.09 

6.06 

3.0 

0.0 

9.1 

28.8 

6.18 

61.8 

Aug 

2 

B 

1.00 

1.07 

5.91 

3.0 

0.0 

8.9 

29.1 

6.01 

60.1 

Aug 

3 

B 

1.00 

1.06 

5.61 

3.0 

0.0 

8.6 

30.8 

5.54 

55.4 

Sep 


C 

1.00 

1.05 

SJ6 

3.0 

0.0 

8.4 

33.1 

5.05 

50J 

Sep 

2 

C 

1.00 

1.05 

5.16 

3.0 

0.0 

8J 

35.1 

4.64 

46.4 

Sep 

3 

C 

1.00 

1.05 

4.93 

3.0 

0.0 

7.9 

32J 

4.71 

47.1 

Oct 

1 

C 

1.00 

1.05 

4.70 

3.0 

0.0 

7.7 

30.0 

4.70 

47.0 

Oct 

2 

D 

1.00 

1.01 

4J0 

2J 

0.0 

6.8 

37.4 

4.06 

40.6 

Oct 

3 

D 

1.00 

0.93 

3.75 

U 

0.0 

5.5 

30.6 

3.44 

34.4 

Not 

1 

D 

1.00 

0.84 

3J4 

0.9 

0.0 

4.1 

U.l 

2.80 

28.0 

Totab 





697 

357 

180 

1234 

367 


867 


Crop 2 


Rice Evapotranspiration and Irrigation RequiremenLs 

Cbaate Hk 
Crop 

EffectiTe RaiofaD 

: kum*aT 

: PADDY 
: 80% 


Station 

Date of Traiu plant 

: KURNOOL 
: 20 July 


MoMh 

Dec 

Stage 

Area 

% 

Coeff 

ETCrop 
mat/ day 

Pen 

mm/dy 

LPrep 

mm/dy 

RiceRq 

mm/dy 

EfTRaiu 

mm/dec 

IRReq 

mm/dy 

IRReq 

mm/dc 

JUB 

3 

Nim 

0.10 

IJO 

0.77 

05 

15 

2.9 

25 

2.63 

265 

Jul 


LP 

0.33 

1.18 

2J8 

1.0 

8.1 

11.4 

8.4 

10.51 

105.1 

Jut 

3 

LP 

0.78 

l.U 

4.85 

35 

8.1 

ISJ 

21.9 

13.08 

130.8 

Jul 

3 

A 

1.00 

1.10 

6.09 

3.0 

0.0 

9.1 

285 

654 

62.4 

An* 


A 

1.00 

1.10 

6.11 

3.0 

0.0 

9.1 

28.8 

6.33 

625 

Aug 

3 

B 

1.00 

1.09 

6.00 

3.0 

0.0 

9.0 

29.1 

6.10 

61.0 

Aug 

3 

B 

1.00 

1.07 

5.70 

3.0 

0.0 

8.7 

305 

5.63 

565 

Sep 


B 

1.00 

1.06 

5.40 

3.0 

0.0 

8.4 

33.1 

5.09 

50.9 

Sep 

3 

C 

1.00 

1.05 

5.16 

3.0 

0.0 

85 

35.1 

4.64 

46.4 

Sep 

3 

C 

1.00 

1.05 

4.93 

3.0 

0.0 

7.9 

325 

4.71 

47.1 

Oct 


c 

1.00 

1.05 

4.70 

3.0 

0.0 

7.7 

30.0 

4.70 

47.0 

Oct 

2 

c 

1.00 

1.05 

4.47 

3.0 

0.0 

75 

27.4 

4.73 

475 

Oct 

3 

D 

1.00 

1.01 

4.09 

25 

0.0 

6.6 

20.6 

453 

455 

Not 


D 

1.00 

0.92 

356 

1.8 

0.0 

55 

13.1 

4.00 

40.0 

Not 

2 

D 

1.00 

0.84 

3.06 

0.9 

0.0 

3.9 

5.9 

355 

335 

Totab 





672 

357 

180 

1209 

347 


862 
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Crop 3 


Cluiate Flic 
Crop 

Eifectire Rainfall 

Rice Evapotranspinition and Irrigation Requirements 

: kura-at Station : KURNOOL 

: PADDY Daleof TraosplaDl : 1 Aug 

: 90% 


Month 

Dec 

Stage 

Area 

% 

Coeir 

ETCrop 

mm/day 

Pere 

nui/dy 

LPrep 

mm/dy 

RkeRq 

mm/dy 

EffRain 

mm/dec 

IRReq 

mm/dy 

IRReq 

mm/dc 

Jd 


NUR 

0.10 

IJO 

0.72 

OJ 

IJi 

2.8 

2.6 

2.56 

25.6 

J«l 

2 

LP 

0J3 

1.18 

2.12 

1.0 

8.1 

IIJ 

9J 

10J8 

102.8 

J«l 

3 

LP 

0.78 

1.13 

4.83 

2J 

8.1 

15J 

22.1 

13.04 

130.4 

Aug 


A 

1.00 

1.10 

6.11 

3.0 

0.0 

9.1 

28J 

6J3 

62J 

Aug 

2 

A 

1.00 

1.10 

6.05 

3.0 

0.0 

9.1 

29.1 

6.14 

61.4 

Auf 

3 

B 

1.00 

1.00 

5.79 

3.0 

0.0 

8J 

30.8 

5.71 

57.1 

Srp 


B 

1.00 

1.07 

5.49 

3.0 

0.0 

8J 

33.1 

5.18 

51.8 

Sep 

2 

B 

1.00 

1.00 

5J0 

3.0 

0.0 

8J 

35.1 

4.68 

46.8 

Sep 

3 

C 

1.00 

1.05 

4.93 

3.0 

0.0 

7.9 

32J 

4.71 

47.1 

Oct 


C 

1.00 

1.05 

4.70 

3.0 

0.0 

7.7 

30.0 

4.70 

47.0 

Ocl 

2 

C 

1.00 

1.05 

4.47 

3.0 

0.0 

IJS 

27.4 

4.73 

47J 

Oct 

3 

C 

1.00 

1.05 

4J6 

3.0 

0.0 

7J 

20.6 

5J0 

52.0 

Not 


D 

1.00 

1.01 

3.88 

2.5 

0.0 

6.4 

13.1 

5.07 

50.7 

Not 

2 

D 

1.00 

0.92 

3J7 

IJt 

0.0 

5.1 

5.9 

4J2 

45J 

Not 

3 

D 

1.00 

0.84 

2.99 

0.9 

0.0 

3.9 

4.1 

3.45 

34J 

Totals 





649 

357 

180 

1186 

324 


862 


Crop 4 





Rice Evapotranspinition and Irrigation Requirements 



CfimateFOe 

Crop 

EffectiTe RaittfaB 

: kum>at 
: PADDY 
: 80% 


Station 

Date of Transplant 

: KURNOOL 

: 10 Aug 


Momh 

Dec 

Stage 

Area 

% 

CoefT 

ETCrap 

oun/day 

Peer 

mm/dy 

LPrep 

mm/dy 

RkeRq 

niiu/dy 

EffRain 

mm/dec 

IRReq 

mm/dy 

IRReq 

mm/dc 

Jul 

2 

NUR 

0.10 

UO 

0.67 

OJ 

1.8 

2.8 

2.8 

2.48 

24.8 

Jul 

3 

LP 

0J3 

1.18 

2.12 

1.0 

8.1 

lU 

9J 

10J6 

102.6 

Aug 


LP 

0.78 

1.13 

4J4 

2J 

8.1 

I5J 

22J 

13.03 

130J 

Aug 

2 

A 

1.00 

1.10 

6.05 

3.0 

0.0 

9.1 

29.1 

6.14 

61.4 

Aug 

3 

A 

1.00 

1.10 

5.83 

3.0 

0.0 

8.8 

30.8 

5.76 

57.6 

Sep 


B 

1.00 

1.09 

SSI 

3.0 

0.0 

8.6 

33.1 

5J6 

52.6 

Sep 

2 

B 

1.00 

1.07 

5.28 

3.0 

0.0 

8J 

35.1 

4.76 

47.6 

Sep 

3 

B 

1.00 

1.06 

4.97 

3.0 

0.0 

8.0 

32.2 

4.74 

47.4 

Oct 


C 

1.00 

1.05 

4.70 

3.0 

0.0 

7.7 

30.0 

4.70 

47.0 

Oct 

2 

C 

1.00 

1.05 

4.47 

3.0 

0.0 

7J 

27.4 

4.73 

47J 

Oct 

3 

C 

1.00 

1.05 

4J6 

3.0 

0.0 

7J 

20.6 

5J0 

52.0 

Not 


C 

1.00 

1.05 

4.04 

3.0 

0.0 

7.0 

13.1 

5.73 

57J 

Not 

2 

D 

1.00 

1.01 

3.67 

2J 

0.0 

6.2 

5.9 

5J8 

55.8 

Not 

3 

D 

1.00 

0.92 

3J8 

IS 

0.0 

5.0 

4.1 

4.62 

46J 

Dec 


D 

1.00 

0.84 

2.91 

0.9 

0.0 

3.8 

2J 

3J5 

35J 

Totals 





627 

337 

180 

1164 

298 


866 
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Crop 5 


CUmale File 
Crop 

EffectiTe Reiiifal 

Rice Evapotnuispiration and Irrigation Requirements 

: kun>aT Statkia : 

: PADDY Date of Transplant 

: 80% 

KUR.VOOL 

lODecfBber 


Moath 

Dec 

State 

Area 

% 

Cocir 

ETCrop 

nun/day 

Fere 

mm/dy 

LPrep 

mm/dy 

RkeRii 

Bun/dy 

EiTRaia 

mmydec 

IRReq 

nun/dy 

IRReq 

■unydc 

Not 

2 

NUR 

0.10 

1.20 

0.44 

03 

13 

23 

0.6 


2.48 

243 

Not 

3 

LP 

0J3 

1.18 

1.35 

1.0 

8.1 

10.4 

13 


1030 

103.0 

Dec 


LP 

0.78 

1.13 

3.01 

23 

8.1 

13.4 

1.8 


1336 

132.6 

Dec 

2 

A 

I.OO 

1.10 

3.70 

3.0 

0.0 

6.7 

03 


6.64 

66.4 

Dec 

3 

A 

1.00 

1.10 

3.86 

3.0 

0.0 

6.9 

0.4 


6.83 

683 

Job 

1 

B 

1.00 

1.09 

4.00 

3.0 

0.0 

7.0 

03 


6.98 

69.9 

Jbb 

2 

B 

1.00 

1.07 

4.11 

3.0 

0.0 

7.1 

0.0 


7.11 

71.1 

Jan 

3 

B 

1.00 

1.06 

4.41 

3.0 

0.0 

7.4 

0.4 


736 

73.6 

Feb 


C 

1.00 

1.05 

4.73 

3.0 

0.0 

7.7 

0.9 


7.64 

76.4 

Feb 

2 

C 

1.00 

1.05 

5.09 

3.0 

0.0 

8.1 

13 


7.96 

79.6 

Feb 

3 

c 

1.00 

1.05 

5.45 

3.0 

0.0 

8.4 

1.1 


834 

83.4 

Mar 


c 

1.00 

1.05 

5.80 

3.0 

0.0 

83 

03 


8.72 

873 

Mar 

2 

D 

1.00 

1.01 

5.91 

23 

0.0 

8.4 

03 


836 

83.6 

Mar 

3 

D 

1.00 

0.92 

5.65 

13 

0.0 

7.4 

13 


737 

72.7 

Apr 


D 

1.00 

0.84 

5J5 

0.9 

0.0 

63 

2.1 


6.01 

60.1 

ToUb 





629 

357 

D 

1166 

13 



1152 


Crop 6 


Climale File 
Crop 

EffectiTe Rainfall 

— 

Rice Erapotranspiration and Irrigation Requirements 

; kum-aT Slatioa : KURNOOL 

: PADDY Date of Transplant : 20 December 

: 80% 


Month 

Dec 

Stage 

Area 

% 

Coeff 

ETCrop 

mm/day 

Pete 

mm/dy 

LPrep 

mm/dy 

RiceRq 

mm/dy 

EffRain 

mm/dec 

IRReq 

mm/dy 

IRReq 

mm/dc 

Not 

3 

NUR 

0.10 

130 

0.43 

03 

13 

23 

0.4 

2.48 

24.8 

Dec 

1 

LP 

033 

I.I8 

132 

1.0 

8.1 

10.4 

03 

1032 

1033 

Dec 

2 

LP 

0.78 

1.13 

2.93 

23 

8.1 

13.4 

0.4 

1331 

133.1 

Dec 

3 

A 

1.00 

1.10 

3.86 

3.0 

0.0 

6.9 

0.4 

6.83 

683 

Jan 

1 

A 

1.00 

1.10 

4.03 

3.0 

0.0 

7.0 

03 

7.02 

703 

Jan 

2 

B 

1.00 

1.09 

4.17 

3.0 

0.0 

73 

0.0 

7.17 

71.7 

Jan 

3 

B 

1.00 

1.07 

4.48 

3.0 

0.0 

73 

0.4 

7.43 

743 

Feb 

1 

B 

1.00 

1.06 

4.77 

3.0 

0.0 

7.8 

0.9 

7.68 

763 

Feb 

2 

C 

1.00 

1.05 

5.09 

3.0 

0.0 

8.1 

13 

7.96 

79.6 

Feb 

3 

C 

1.00 

1.05 

S.45 

3.0 

0.0 

8.4 

1.1 

834 

83.4 

Mar 

1 

C 

1.00 

1.05 

5.80 

3.0 

0.0 

83 

03 

8.72 

873 

Mar 

2 

C 

1.00 

1.05 

6.15 

3.0 

0.0 

93 

03 

9.10 

91.0 

Mar 

3 

D 

1.00 

1.01 

6.16 

23 

0.0 

8.7 

13 


853 

Apr 

1 

D 

1.00 

0.92 

538 

13 

0.0 

7.6 

2.1 


74.1 

Apr 

2 

D 

1.00 

0.84 

536 

0.9 

0.0 

6.4 

2.9 


61.4 

Totab 





661 

357 

D 

1198 

14 


1184 


104 


Copyrighted material 


















Crop 7 


CKnatePOe 

Crop 

EffectiTC Rainfall 

Rice Evapolranspiration and Irrigation Requirements 

: kuni-av SUtioa : KURNOOL 

: PADDY Date of Transplant : 1 January 

: 80% 


Mouth 

Dec 

Stage 

Area 

% 

Coeff 

ETCrop 

nun/day 

Pere 

nm/dy 

LPrep 

mm/dy 

RkeRq 

nun/dy 

KfTRain 

nun/dec 

IRReq 

mm/dy 

IRReq 

mm/dc 

Dec 


NUR 

0.10 

1.20 

0.41 

03 

1.8 

23 

03 

2.49 

24.9 

Dec 

2 

LP 

0J3 

1.18 

1.28 

1.0 

8.1 

10.4 

03 

1034 

103.4 

Dec 

3 

LP 

0.78 

1.13 

3.06 

23 

8.1 

133 

03 

13.46 

134.6 

Jan 


A 

1.00 

1.10 

4.03 

3.0 

0.0 

7.0 

03 

7.02 

703 

Jan 

2 

A 

1.00 

1.10 

4.20 

3.0 

0.0 

73 

0.0 

730 

72.0 

Jan 

3 

B 

1.00 

1.09 

4.54 

3.0 

0.0 

73 

0.4 

730 

75,0 

Feb 

1 

B 

1.00 

1.07 

4.84 

3.0 

0.0 

7.8 

0.9 

7.76 

77.6 

Feb 

2 

B 

1.00 

1.06 

5.13 

3.0 

0.0 

8.1 

13 

8.00 

80.0 

Feb 

3 

C 

1.00 

1.05 

5.45 

3.0 

0.0 

8.4 

l.I 

834 

83.4 

Mar 

I 

C 

1.00 

1.05 

5.80 

3.0 

0.0 

8.8 

04 

8.72 

873 

Mar 

2 

C 

1.00 

1.05 

6.15 

3.0 

0.0 

93 

03 

9.10 

91.0 

Mar 

3 

C 

1.00 

1.05 

6.41 

3.0 

0.0 

9.4 

13 

938 

924 

Apr 

1 

D 

1.00 

1.01 

6.41 

23 

0.0 

8.9 

2.1 

8.69 

86.9 

Apr 

2 

D 

1.00 

0.92 

6.10 

14 

0.0 

7.9 

2,9 

736 

75.6 

Apr 

3 

D 

1.00 

0.84 

5.85 

0.9 

0.0 

6.7 

63 

6.09 

60.9 

ToUli 





697 

357 

180 

1234 

19 


1215 


Crop 8 


Crop Evapotranspiration and Irrigation Requirements 


CUnate File : luini*aT CUnute Station : KURNOOL 


Crop 


COTTON 


Planting date 

: 1 August 




Mootb 

Dec 

Stage 

Coeff 

Kc 

ETcrop 

mm/day 

ETcrop 
mm/ dec 

FJf.Rain 

mm/dec 

IRReq. 

mm/day 

IRReq. 

mm/dec 

Aug 

1 


0.40 

232 

223 

284 

0.00 

0.0 

Aug 

2 

init 

0.40 

2.20 

22.0 

29.1 

0.00 

0.0 

Aug 

3 

init 

0.40 

2.12 

213 

304 

0.00 

0.0 

Sep 

1 

dcTe 

0.47 

2.40 

24.0 

33.1 

0.00 

0.0 

Sep 

2 

dcTe 

0.61 

3.00 

30.0 

35.1 

0.00 

0.0 

Sep 

3 

deve 

0.75 

3.52 

353 

323 

030 

3.0 

On 

1 

deve 

0.89 

3.98 

394 

30.0 

0.99 

9.9 

On 

2 

dere 

1.03 

439 

43.9 

27.4 

1.65 

163 

On 

3 

mid 

1.10 

4.46 

44.6 

20.6 

2.40 

24.0 

Not 

1 

mid 

1.10 

433 

423 

13.1 

2.92 

293 

Not 

2 

mid 

1.10 

4.00 

40.0 

5.9 

3.41 

34.1 

Not 

3 

mid 

1.10 

3.90 

39.1 

4.1 

3.49 

34.9 

Dec 

1 

mid 

1.10 

3.80 

38.0 

23 

337 

35.7 

Dec 

2 

mi/ll 

1.07 

339 

35.9 

03 

334 

35.4 

Dec 

3 

late 

0.98 

3.44 

34.4 

0.4 

3.40 

34.0 

Jan 

1 

late 

0.86 

3.14 

31.4 

03 

3.12 

313 

Jan 

2 

late 

0.73 

240 

28.0 

0.0 

2.80 

28.0 

Jan 

3 

late 

0.61 

234 

25.4 

0.4 

230 

25.0 

TOTAL 





597.4 

294.0 


3404 


105 
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I 


Crop Evapotranspiration and Irrigation Requiremoits 

Clhutenfe 

Crop 

GROUNDNin'/KIIARlK 

Climate Statioo 
Flantiag date 

: KiriLNOOL 
15 July 




Montli Dk 

Stage 

Coefr 

Kc 

ETcrop 

mm/day 

ETcrop 

mm/dec 

EIT.Ram 

mm/dec 

IRReq. 

mm/day 

IRReq. 

mm/dec 

ini 

2 

init 

0.40 

2.22 

11.1 

14.1 

0.00 

0.0 

M 

3 

ink 

0.40 

2.22 

22J 

28J 

0.00 

0.0 

Aug 

1 

in/de 

0.45 

2.50 

25.0 

28.8 

0.00 

0.0 

Ang 

2 

dere 

0.60 

3J0 

33.0 

29.1 

0J9 

3.9 

Ang 

3 

dere 

OJO 

4J4 

42.4 

30.8 

1.17 

11.7 

Sep 

1 

de/mi 

0.95 

4.85 

48J 

33.1 

1.54 

15.4 

s«l> 

2 

mid 

1.00 

4.91 

49.1 

35.1 

1.40 

14.0 

S<p 

3 

aud 

1.00 

4.69 

46.9 

32 J 

1.47 

14.7 

Oct 

1 

mid 

1.00 

4.48 

UJS 

30.0 

1.48 

14J 

Oct 

2 

late 

0.94 

4.00 

40.0 

27.4 

1J6 

12.6 

Oct 

3 

late 

0.S2 

3J2 

33J 

20.6 

12.7 

12.7 

Not 

1 

late 

0.70 

2.69 

13.5 

6J 

1J8 

6.9 

TOTAL 





409.8 

316J 


106.7 


Crop 10 


Crop ETapotranspiration and Irrigation Requirements 

CKmateFOe 

Crop 

kuru-UT 

GROUNDNirr/KIlARIK 

Climate Station 
nantiag date 

: KLUNOOL 
: I August 




Montk 

Dec 

SU*e 

Coerr 

Kc 

ETcrop 

mm/day 

ETcrop 

mm/dec 

Err.Raia 

mm/dec 

IRReq. 

mm/day 

IRReq. 

mm/dec 

Aug 

1 

init 

0.40 

2J2 

222 

28.8 

0.00 

0.0 

Aug 

2 

ink 

0.40 

220 

22.0 

29.1 

0.00 

0.0 

Aug 

3 

deTe 

0.50 

2.65 

26.5 

30.8 

0.00 

0.0 

Sep 

1 

dere 

0.70 

3.57 

35.7 

33.1 

0J6 

2.6 

Sep 

2 

deTe 

0.90 

4.42 

44.2 

35.1 

0.91 

9.1 

Sep 

3 

mid 

1.00 

4.69 

46.9 

322 

1.47 

14.7 

Oct 

1 

mid 

1.00 

4.48 

44 

30.0 

1.48 

14.8 

Oct 

2 

mid 

1.00 

4J6 

42.6 

27.4 

1J2 

IS2 

Oct 

3 

mi/lt 

0.97 

3.93 

39J 

20.6 

1.87 

18.7 

Not 

1 

late 

0.88 

3J9 

33.9 

13.1 

2.08 

20J 

Not 

2 

late 

0.76 

2.77 

27.7 

5.9 

2.17 

21.7 

TOTAL 





385.8 

286.1 


117.6 


106 
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Crop 11 


Crop Evapotranspiration and Irrigation Requirements 

CUinate File : 
Crop 

kum-oT 

t GROUNDNUT/KHARIK 

Climate Sutioo : KURNOOL 
Plaotiag date : IS August 



Monlh 

Dec 

Singe 

Coerr 

Kc 

ETcrop 

uuD/dajr 

ETcrop 

mm/dec 

ETT.Raiii 

mm/dec 

IRReq. 

mm/day 

IRReq. 

mm/dec 

Aug 

2 

iail 

0.40 

2 JO 

11.0 

143 

0.00 

0.0 

Aug 

3 

inh 

0.40 

2.12 

21 J 

303 

0.00 

0.0 

Sep 

1 

ia/de 

0.45 

230 

23.0 

33.1 

0.00 

0.0 

Sep 

2 

dere 

0.40 

2.95 

293 

35.1 

0.00 

03 

Sep 

3 

derc 

0.80 

3.75 

373 

32 J 

033 

53 

Oct 

1 

de/mi 

0.95 

4 J 5 

423 

30.0 

1 J 6 

12.6 

Oa 

2 


1.00 

4 J 4 

42.6 

27.4 

132 

153 

Oct 

3 

mid 

1.00 

4.05 

403 

20.6 

2.00 

20.0 

Not 

1 

mid 

1.00 

3.85 

383 

13.1 

234 

253 

Not 

2 

late 

0.94 

3.42 

34 J 

5.9 

2.83 

283 

Not 

3 

late 

0.82 

2.91 

29.1 

4.1 

2.49 

24.9 

Dec 

1 

late 

0.70 

2.42 

12.1 

IJ 

2.18 

10.9 

TOTAL 





361.7 

248.0 


142.6 


Crop 12 


Crop Evapotranspiration and Irrigation Requirements 

Climate File : 
Crop 

kum-av 

! GROUNDNUT/RABI 

Climate Station : KURNOOL 
PUnting date : 15 December 



Momh 

Dec 

Stage 

CoefT 

Kc 

ETcrop 

mm/day 

ETcrop 

mm/dec 

Eir.Rain 

mm/dec 

IRReq. 

mm/day 

IRReq. 

mm/dec 

Dec 

2 

inh 

030 

0.67 

3.4 

03 

0.62 

3.1 

Dec 

3 

init 

030 

0.70 

7.0 

0.4 

0.67 

6.7 

Jan 

1 

ia/de 

037 

0.98 

9.8 

03 

0.96 

9.6 

Jan 

2 

dere 

0.47 

1.78 

173 

0.0 

1.78 

173 

Jan 

3 

dere 

0.73 

3.05 

303 

0.4 

3.01 

30.1 

Feb 

1 

de/mi 

0.93 

431 

42.1 

0.9 

4.12 

413 

Feb 

2 

mid 

1.00 

4.85 

483 

13 

4.72 

473 

Feb 

3 

mid 

1.00 

5.19 

51.9 

1.1 

5.08 

50.8 

Mar 

1 

mid 

1.00 

532 

553 

03 

5.44 

54.4 

Mar 

2 

late 

0.94 

531 

55.1 

03 

5.46 

54.6 

Mar 

3 

late 

032 

5.01 

50.1 

13 

4.87 

48.7 

Apr 

1 

late 

0.70 

4.45 

223 

1.1 

433 

213 

TOTAL 





393.6 

8.3 


3853 


107 
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Crop 13 


Crop ETapotranspiralJon and Irrijialion Requirements 

ClidiAts FD« : 
Crop 

Inni-aT 

GROUNDN'UT/KABl 

Climate Statioa : KURNOOL 
Plantiag date : January 



Moolh 

Dec 

SU|e 

Coeir 

Kc 

ETcrop 

Dun/day 

ETcrop 

ma/dec 

Eir.Rain 

mm/dec 

IRReq. 

mm/day 

IRReq. 

mm/dec 

Jaa 

1 

init 

OJO 

0.73 

7J 

OJ 

0.72 

la 

Jaa 

2 

init 

OJO 

0.76 

7.6 

0.0 

0.76 

7.6 

Jao 

3 

deve 

0J3 

1J9 

13.9 

0.4 

1J4 

13.4 

Feb 

1 

deve 

0.60 

2.70 

27.0 

0.9 

2.62 

26J 

Feb 

2 

dere 

0.87 

4J0 

42.0 

IJ 

4.07 

40,7 

Feb 

3 

iwiH 

1.00 

5.19 

51.9 

1.1 

5.08 

50.8 

Mar 

1 

mid 

1.00 

5.52 

55J 

0.8 

5.44 

54.4 

Mar 

2 

mid 

1.00 

5.86 

58.6 

0.5 

5.81 

58.1 

Mar 

3 

Bii/ll 

0.97 

5.92 

59J 

1.3 

5.79 

57.9 

Apr 

1 

late 

0.88 

5.59 

55.9 

2.1 

5J8 

53J 

Apr 

2 

late 

0.76 

5.02 

50J 

2.9 

4.72 

47J 

TOTAL 





428.9 

11.6 


417J 


Crop 14 


Crop Evapotranspiration and Irrigation Requirements 

Climate FUe : 
Crop : 

kum-av 

GROUNDMJT/RABI 

CEmate Statioa : KURNOOL 
Ptaating date : 15 Jannary 



Month 

Dec 

Stage 

CoelT 

Kc 

ETcrop 

mm/day 

ETcrop 

mm/dec 

Eir.Rain 

mm/dec 

IRReq. 

mm/day 

IRReq. 

mm/dec 

Jan 

2 

init 

OJO 

0.76 

33 

0.0 

0.76 

33 

Jan 

3 

init 

OJO 

0.83 

83 

0.4 

0.79 

7.9 

Feb 


in/de 

0J7 

IJO 

12.0 

0.9 

1.11 

11.1 

Feb 

2 

derc 

0.47 

2J6 

22.6 

13 

2.13 

213 

Feb 

3 

dere 

0.73 

3.80 

38.0 

l.l 

3.70 

37.0 

Mar 


de/mi 

0.93 

5.16 

51.6 

0.8 

5.08 

503 

Mar 

2 

mid 

1.00 

5.86 

58.6 

03 

531 

58.1 

Mar 

3 

mid 

1.00 

6.11 

61.1 

13 

5.97 

59.7 

Apr 


aud 

1. 00 

635 

633 

2.1 

6.14 

61.4 

Apr 

2 

late 

0.94 

6J0 

62.0 

2.9 

5.91 

59.1 

Apr 

3 

late 

0.82 

5.70 

57.0 

63 

5.07 

50.7 

May 

1 

late 

0.70 

5J0 

26.0 

4.8 

4J3 

21.1 

TOTAL 





464.4 

22.6 


442.0 


io< 
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Crap IS 


Crop Evapolranspiration and Irrigation Requirements 

Cliiiuitc : 

Crop 

KURN-AV 

SORGHUM 


Climate Stalioo 
Planting date 

KLTINOOL 
15 July 




MonUi 

Dec 

Stage 

Coefr 

ETcrop 

ETcrop 

EIT.Raia 

IRReq. 

IRReq. 




Kc 

mm/day 

aun/dec 

mm/dec 

mm/day 

mmydec 

Jyl 

2 

tnit 

0.40 

2J2 

11.1 

14.1 

0.00 

0.0 

M 

3 

init 

0.40 

2J2 

22J 

28.5 

0.00 

0.0 

Aui 

1 

in/de 

0.45 

2.48 

24.8 

28.8 

0.00 

0.0 

Aug 

3 

dere 

0.59 

3J3 

323 

29.1 

0J2 

3J 

Aug 

3 

dere 

0.78 

4.11 

31.1 

30.8 

1.03 

lOJ 

Sea 

1 

dere 

0.96 

4.92 

49.2 

33.1 

1.60 

16.0 

s«l> 

2 

de/mi 

1.10 

5.42 

54J 

35.1 

1.90 

19.0 

Sep 

3 

mid 

1.15 

5.40 

54.0 

323 

2.18 

21.8 

Oct 

1 

mid 

1.15 

5.15 

51.5 

30.0 

2.15 

21.5 

Oct 

2 

mi/ll 

1.10 

4.67 

46.7 

27.4 

1.93 

19J 

Oct 

3 

late 

0.93 

3.78 

37.8 

20.6 

1.73 

I7J 

Not 

1 

late 

0.72 

2.76 

27.6 

13.1 

1.45 

14.5 

Not 

2 

late 

0.50 

1.82 

9.1 

3.0 

1J3 

6.1 

TOTAL 





461.5 

325.8 


149.1 


Crop 16 


Crop Evapolranspiration and Irri|;atioo Requirements 

Clifnale File 

KURN-AV 


Climate Station 

KLUNOOL 




Crop 


SORGHL'M 


Planting dale : 

1 August 




Month 

Dec 

Stage 

Coerr 

ETcrop 

ETcrop 

E/r.Rain 

IRReq. 

IRReq. 




Kc 

mm/day 

mm/dec 

nun/dec 

aun/day 

maiydac 

Aug 

1 

inh 

0.40 

242 

224 

28.8 

0.00 

0.0 

Aug 

2 

init 

0.40 

2J2 

22.0 

29.1 

0.00 

0.0 

Aug 

3 

dere 

0.49 

2.62 

264 

30.8 

0.00 

0.0 

Sep 

1 

dere 

0.68 

3.48 

34.8 

33.1 

0.17 

1.7 

Sep 

2 

dere 

0.87 

447 

42.7 

35.1 

0.75 

74 

Sep 

3 

dere 

1.06 

4.96 

49.6 

324 

1.74 

17.4 

Oct 

1 

mid 

1.15 

5.15 

514 

30.0 

2.15 

214 

Oct 

2 

mid 

1.15 

4.90 

49.0 

27.4 

2.16 

21.6 

Oct 

3 

mid 

1.15 

4.66 

46.6 

20.6 

2.60 

26.0 

Not 

1 

late 

1.04 

4.01 

40.1 

13.1 

2.70 

27.0 

Not 

2 

Ute 

043 

3.00 

30.0 

5.9 

2.41 

24.1 

Not 

3 

late 

0.61 

2.1 

21.6 

4.1 

1.74 

17.4 

TOTAL 





4364 

2904 


1644 


109 
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Crop 12 


Crop ETapotranspiration and Irrigation Requirements 

CUmate l-'Se : 
Crop : 

KURN-AV 

SUCARCANE-AV'E 

Climale Station : KURNOOL 
Flanting date : 1 January 



MODlk 

Dec 

Stage 

Coerr 

Kc 

ETcrop 

mm/day 

ETcrop 

mm/dcc 

EfT.Rain 

mm/dcc 

IRReq. 

mm/day 

IRRaq. 

mm/dec 

Jao 

1 

init 

0.95 

IM 

34.8 

QJ 

3J2 

343 

Ju 

2 

ioil 

0.95 

3^ 

36-3 

0.0 

3.63 

363 

Ju 

i 

intt 

0.95 


39.6 

(U 

191 

19J 

Feb 

1 

iuit 

0.95 

4.20 

32J 

(L9 


11.2 

Feb 

2 

ink 

0.95 


4L1 

LI 

AJl 

443 

Feb 

3 

imt 

0.95 

iSl 

1L3 

u 

iJi 

U.2 

Mar 

1 

ink 

0.95 

LIS 

SLS 

lUi 

Lll 

SLI 

Mar 

2 

ink 

0.95 

LSI 

55.7 

(LS 

5J1 

55.1 

Mar 

3 

init 

0.95 

5.80 

58.0 

u 

5.67 

56.7 

Apr 

1 

deve 

0.95 

6.04 

60.4 

2A 

5.82 

583 

Apr 

2 

deve 

0.95 

£IZ 

SLl 

L9 

5,98 

59.8 

Apr 

3 

deve 

0.95 


66 0 


5J2 

593 

May 

1 

deve 

0.95 

7.06 

70.6 

Ll 

6,09 

60.9 

May 

2 

deve 

0.95 

7J5 

74.5 

13.1 

6.14 

iU 

May 

3 

deve 

0.95 

2^ 

ZJLI 

15.Z 

SJ4 

55J 

Jua 

1 

deve 

0.95 

U1 

67.1 

18.4 

4.87 

48.7 

JM 

2 

deve 

0.95 

LM 

64.4 

2L1 

4J3 

433 

Jm 

3 

deve 

0.95 

6.09 

60.9 

23.5 

UA 

2L2 

JiU 

1 

mid 

0.95 

5.67 

56 7 

25.9 

3 08 

30 8 

Jal 

2 

mid 

0.95 

5,28 

52 Jt 

28J 

US 

2iA 

Jal 

3 

mid 

0.95 

SM 

52.6 

28J 

2M 

211 

Aut 

1 

mid 

0.95 

Lli 

52 R 

28.8 

2,40 

24J 

Auf 

2 

mid 

0.95 

L2S 

SLS 

22J 

2J2 

23J 

Aug 

3 

mid 

0.95 

SM 

50.4 

30,8 

1.96 

19J 

Sep 

1 

mid 

0.95 

AUK 

48.5 

m 

1J4 

15J 

Sep 

2 

mid 

0.95 

4.66 

46.6 

35.1 

U3 

1L2 

Sep 

3 

mid 

0.95 

4.46 

44.6 

32.2 

LH 

12J 

Oct 

1 

late 

0.95 

LIS 

4LS 

30.0 

L2S 

I2J 

Oct 

2 

late 

0.95 

4.05 

40.5 

27J 

131 

111 

Oct 

3 

late 

0.95 

3.85 

5S.5 

20.6 

L29 

1L2 

Nov 

1 

late 

0.95 

3.65 

ilLS 

111 

US 

233 

Nov 

2 

late 

0.95 

3.46 

34.6 

5.9 

2.86 

28.6 

Nov 

3 

late 

0.95 

ZJ2 


AA 

2,96 

29.6 

Dm 

1 

late 

0.95 

L2S 

3ZJ8 

lA 

3,05 

303 

Dec 

2 

Ute 

0.95 

119 

31.9 

QJ 

134 

3L4 

Dec 

3 

late 

0.9S 

lid 

UA 

QJ 

UQ 

lU 

TOTAI- 





1794,3 

495J 


1298.8 


no 
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APPENDIX 4.1 

IRRIGATION SCHEDULING RUNS 

Indicative Irrigation Schedules: 

Groundnut 


Run 1 : Optimal Irrigation 

Run 2 : Application of 40 mm after 40 mm depletion 

Run 3 : Application of 40 mm every 7 days 

Run 4 : Application of 40 mm every 10 days 

Run 5 Aj^lication of 45 mm every 10 days 

Run 6 : Application of 45 ram every 10 days starting 40th day 

Run 7 : Same as Run 6 for Light Soil 

Run 8 : Same as Run 6 for Heavy Soil 

Cotton 


Run 1 : Optimal Irrigation 

Run 2 Application of 80 mm after 80 mm depletion 

Run 3 : Application of 80 mm every 20 days after 81st day 

Run 4 Application of 70 mm every 20 days after 81st day 

Run 5 Four applications of 70 mm after day 100 

Run 6 Same as Run 5 for Medium Soil 

Rim 7 Same as Run 5 for Light Soil 

Run 8 Same as Run 5 for Dry Year 

Run 9 Same as Run 5 for Wet Year 

Run 10 Three applications (70) after day 120 for Wet Year 


m 
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Groundnut 


Run 1 


IRRIGATION SCHEDULING 


GROUNDNUT/RABI 15 December 


Climate StaCioa 

Crop 

Sofl 


KURNOOL 
GROUNDNUT/KABI 
Red Saod)' Loam 


Clinuite File 
Plantiog date 
Available SoUmobl 


: kum*av 
: 15 December 
: 140 mio/m 


IrrigadM OpdoDS selected : 

Timing : Irngatioo applied at 100 % Readily Available Mout. 
AppUeatioa : Irngatioo up to Field Capacity 


No. 

Irr. 

lot 

days 

Date 

Stage 

Depict 

% 

TX 

% 

ETA 

% 

NetDep. 

De6dt 

Loss 

GrDep. 

Flow 

Us/ha 

1 

39 

24 Jan 

B 

51 

100 

100 

48.9 

0.0 

0.0 

69.9 

OJl 

2 

16 

10 Feb 

C 

S3 

100 

100 

59.0 

0.0 

0.0 

84J 

0.61 

3 

12 

22 Feb 

C 

51 

100 

100 

57J 

0.0 

0.0 

81.7 

0.79 

4 

11 

3 Mar 

C 

51 

100 

100 

56.7 

0.0 

0.0 

81.0 

0.85 

5 

11 

MMar 

D 

53 

100 

100 

59.9 

0.0 

0.0 

85.5 

0.90 

6 

11 

25 Mar 

D 

51 

100 

100 

56.9 

0.0 

0.0 

81J 

0J6 

END 

11 

6 Apr 

D 

41 

100 

100 







Total Grou Irrigation 

483.8 mm 

Total Rainfall 

10.0 mm 

Total Net Irrigation 

338.6 mm 

FTTective Rain 

9.5 mm 

Total Irrigation Losses 

0.0 mm 

Total Rain 1.ou 

03 mm 

Eflkiency Irr. Schedule 
Deficiency Irr. Schedule 

100.0 % 
0.0 % 

EITkicticy Rain 

95 % 




IRRIGATION SCHEDULING 


GROUNDNUT/RABI 15 December 


Climate Suiion 

Crop 

SoU 


: KURNOOL 
: GROUNDNUT/RABI 
: Red Sandy Loam 


Climate File 
Planting date 
Available SoUmoist 


: knni-av 
: 15Deccad>er 
: 140 mm/m 


Irrigatioa Options selected : 

Timing : Fned depletion of 40 mm 
Application : Fned Irrigation depth of 40 a 


No. 

Irr. 

Inl 

diD'S 

Date 

State 

D«|4c< 

% 

TX 

% 

ETA 

% 

NetDep. 

Deficit 

Lo« 

mm 

GrDep. 

Flew 

L/s/ha 

1 

36 

21 JM 

B 

43 

100 

100 

40.0 

0.0 

0.0 

57.1 

0.18 

2 

13 

4 F eb 

B 

39 

100 

100 

40.0 

33 

0.0 

57.1 

031 

3 

9 

13 Feb 

C 

38 

100 

100 

40.0 

23 

0.0 

57.1 

0.73 

4 

9 

22 Feb 

C 

40 

100 

100 

40.0 

5.1 

0.0 

57.1 

0.73 

5 

7 

29 Feb 

C 

36 

100 

100 

40.0 

0.1 

0.0 

57.1 

0.94 

6 

8 

7Mar 

C 

39 

100 

100 

40.0 

3.4 

0.0 

57.1 

033 

7 

7 

14 Mar 

D 

37 

100 

100 

40.0 

IJ 

0.0 

57.1 

0.94 

8 

8 

22 Mar 

D 

39 

100 

100 

40.0 

4.0 

0.0 

57.1 

033 

9 

8 

1 Apr 

D 

38 

100 

100 

40.0 

23 

0.0 

57.1 

033 

END 

6 

6 Apr 

D 

21 

100 

too 







Total Gross Irrigation 

5143 mm 

Total Rainfall 

10.0 mm 

Total Net Irrigation 

360.0 mm 

Effective Rain 

10.0 mm 

Total Irrigation Losses 

0.0 mm 

Total Rain Loss 

0.0 mm 

Eifidcncy Irr. Schedule 

100.0 % 

Efficiency Rain 

100 « 

Ocficieocy Irr. Schedule 

0,0% 
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Groundnut 


Run 3 


IRRIGATION SCHEDULING GROUNDMJT/RABI 15 December 


Climate Sletioa : KURNOOL Climate Mle : kum-av 

Crop : GROUNDNUT/RABl riantuig date : 15 December 

Soil : Red Seadjr Loam Arailable SoSmoist : 140 mmim 

IfTigaboa Options selected : 

Timiof : llxed loterral of 7 {AH 7 (B)/ 7 (C)/ 7 (D) days. 

Applicatioa : Fixed Irrigatioo depth of 40 mm 


No. 

Irr. 

lot 

days 

Date 

Su*e 

DepleC 

% 

TX 

% 

ETA 

% 

NetDep. 

mm 

Deficit 

mm 

Loss 

mm 

GrDep. 

mm 

How 

L/s/ha 

1 

7 

22 Dec 

A 

9 

100 

100 

40.0 

0.0 

35.6 

57.1 

0.94 

2 

7 

29 Dec 

A 

7 

100 

100 

40.0 

0.0 

35J 

57.1 

0.94 

3 

7 

6 Jan 

B 

9 

100 

100 

40.0 

0.0 

33J 

57.1 

0.94 

4 

7 

13 Jan 

B 

11 

100 

100 

40.0 

0.0 

30.9 

57.1 

0.94 

5 

7 

20 Jan 

B 

14 

100 

100 

40.0 

0.0 

27J 

57.1 

0.94 

6 

7 

27 Jan 

B 

21 

100 

100 

40.0 

0.0 

18.9 

57.1 

0.94 

7 

7 

4 Feb 

B 

23 

100 

100 

40.0 

0.0 

14.6 

57.1 

0.94 

8 

7 

11 Feb 

C 

26 

100 

100 

40.0 

0.0 

10.5 

57.1 

0.94 

9 

7 

18 Feb 

C 

29 

100 

100 

40.0 

0.0 

7.7 

57.1 

0.94 

10 

7 

25 Feb 

C 

31 

100 

100 

40.0 

0.0 

5.0 

57.1 

0.94 

11 

7 

2 Mar 

C 

32 

100 

100 

40.0 

0.0 

3.7 

57.1 

0.94 

12 

7 

9 Mar 

c 

34 

100 

100 

40.0 

0.0 

23 

57.1 

0.94 

13 

7 

UMar 

D 

34 

100 

100 

40.0 

0.0 

13 

57.1 

0.94 

14 

7 

23 Mar 

D 

33 

100 

100 

40.0 

0.0 

33 

57.1 

0.94 

15 

7 

1 Apr 

D 

31 

100 

100 

40.0 

0.0 

5.8 

57.1 

0.94 

END 

6 

6 Apr 

D 

19 

100 

100 







Total Gross Irri$atioa 

857.1 mm 

Tot^ Rainfsll 

10.0 mm 

Total Net Irrifatioa 

600.0 mm 

Effective Ram 

8.9 mm 

Total IrrigalMa Losses 

2363 mm 

Total Rain Loss 

1.1 mm 

Efficiency Irr. Schedule 

60.6 % 

Efficaency Rain 

88.9% 

DeBcieory Irr. Schedule 

0.0% 
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Groundnut 


Run 4 


IRRIGATION SCHEDULING GROUNDNUT/RABI 15 December 


ClMuCeSutiM : KURNOOL CiButcFBc : kara^r 

Cro^ : GROL*NDNl)T/RABl FlaDtinf dale : 15 December 

Soil : Red Sandy Loam AraRaUe SnJwoitrt : 140 mm/m 

IrrigalMa OpCioiH selected : 

rimiiig : Fixed Interral ot 10 (A)/ 10 (B)/ 10 (CV 10 (D) days. 

Applicatioa : Fixed Irrigalioa deplb of 40 mm 


No. 

irr. 

let 

days 

Date 

Slate 

Deplel 

% 

TX 

% 

ETA 

% 

NelDep. 

Deficit 

mm 

Lorn 

nun 

GrDep. 

mm 

Flow 

L/sAm 

1 

10 

25 Dec 

A 

11 

100 

100 

40.0 

0.0 

33,7 

57.1 

0.66 

] 

10 

5 Jaa 

A 

U 

100 

100 

40.0 

0.0 

31.9 

57.1 

0.66 

3 

10 

15 Jaa 

B 

16 

100 

100 

40.0 

0.0 

26J 

57.1 

0.66 

4 

10 

25 Jaa 

B 

24 

100 

100 

40.0 

0.0 

16.1 

57.1 

0.66 

5 

10 

5 Feb 

B 

32 

100 

100 

40.0 

0.0 

45 

57.1 

0.66 

6 

10 

15 Feb 

C 

39 

100 

100 

40.0 

3.9 

0.0 

57.1 

0.66 

7 

10 

25 Feb 

C 

47 

100 

100 

40.0 

U.6 

0.0 

57.1 

0.66 

8 

10 

5Mar 

C 

58 

94 

99 

40.0 

24.6 

0.0 

57.1 

0.66 

9 

10 

15 Mar 

D 

67 

72 

94 

40.0 

355 

0.0 

57.1 

0.66 

10 

10 

25 Mar 

D 

72 

62 

88 

40.0 

40.4 

0.0 

57.1 

0.66 

11 

10 

5 Apr 

D 

71 

63 

87 

40.0 

39.6 

0.0 

57.1 

0.66 

END 

1 

6 Apr 

D 

35 

63 

0 







Total Grom Irritafion 

628.6 mm 

Total Rainfal 

10.0 mm 

Total Net Irrigatioa 

440.0 mm 

Effecdre Rain 

10.0 mm 

Total Irrigatioa Losses 

112.6 mm 

Total Raia Loss 

0.0 mm 

Efficiency Irr. Schedule 

74.4 % 

Efficiency Rain 

100% 

Deficieacy Irr. Schedule 

45 % 



YIELD REDUCTIONS 

Stage A 

B C D Season 



Reductions in ETC 

0.0 

0.0 

05 

12.7 

45 

% 

Yifld Rtepon. racter 

0.40 

0.60 

1.00 

050 

0.80 


Reductioitt in Yield 

0.0 

0.0 

0.2 

105 

3.4 

% 

Cmaulative Yield reduct. 

0.0 

0.0 

05 

105 


% 
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Groundnut 


Run 5 



IRRIGATION SCHEDULING 

GROUNDNUT/RABI 15 December 



CSBaicSubea 

: KURNOOL 


CKmatc F3e 


: ksra*ar 




Crop 


: GROU?n>NUT/RABI 

Plaatiag date 


: 15 December 



Sofl 


: Red Saady Loaa 


Affable Sodaioist 

: 140 mmyiB 




Irngodoa OpUoiu letected : 










Tlnuas 

: Fisod laterral of 10 (A)/ 

10 (B)/ 

10 (CV 

10 (D) days. 





Appiirortf : nE«dlrricalioadepthof45iiim 








No. 

lat 

Dote 

Stage Depht 

TX 

ETA 

NetDep. 

Dcficic 

Lom 

GrDep. 

FVm 

Irr. 

*wi 


- 

% 

% 

% 

mm 

mm 

mm 

mm 

L/sAm 

1 

10 

25 Doc 

A 

11 

100 

100 

45.0 

0.0 

38.7 

44J 

0.74 

i 

10 

5Jaa 

A 

u 

100 

100 

45.0 

0.0 

34.9 

44J 

0.74 

3 

10 

15 Jaa 

B 

14 

100 

100 

45.0 

0.0 

31J 

64J 

0.74 

4 

10 

25Jaa 

B 

24 

100 

100 

45.0 

0.0 

21.1 

44J 

0.74 

S 

10 

5 Fob 

B 

32 

100 

100 

45.0 

0.0 

9.5 

44J 

0.74 

4 

10 

15 Feb 

C 

39 

100 

100 

45.0 

0.0 

1.1 

44J 

0.74 

7 

10 

25 Feb 

C 

43 

100 

100 

45.0 

3.7 

0.0 

44J 

0.74 

9 

10 

5Mar 

C 

50 

100 

100 

45.0 

11.1 

0.0 

44J 

0.74 

9 

10 

15 Mar 

D 

SS 

93 

99 

45.0 

20.0 

0.0 

64J 

0.74 

10 

10 

25 Mar 

D 

42 

42 

97 

45.0 

35.0 

0.0 

44J 

0.74 

11 

10 

5 Apr 

D 

42 

43 

97 

45.0 

24.1 

0.0 

44J 

0.74 

END 

1 

4 Apr 

D 

21 

43 

0 






Totol Groa Irrigatioa 

707.1 oun 


Total Rain/aB 


10.0 mm 




ToCid Net Irricodoo 


495.0 BUI 


Elfectire Raia 


10.0 ttia 




Total Lmsadoa Lonco 

134.7 Bun 


Total Raia Uis 

0.0 mm 




Efficicacy Irr. Sektdide 

72.0% 


EfBdeacy Rak 


100% 




DefidMcy Irr. Schedule 

o.t« 









YIELD REDUCTIONS 

Stage A 

B 

C 

D 

Scasoa 





Rfdortioni is ETC 


0.0 

0.0 

0.0 

2J 

0.8 

% 




Yidd Respoase factor 

0.40 

0.40 

1.00 

OJO 

0.40 





Rednctioui 

■ Yidd 


0.0 

0.0 

0.0 

2.0 

0.4 

% 




1 Cmlatir* YM4 reduce. 

0.0 

0.0 

0.0 

2.0 


% 
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Groundnut 


Run 6 


IRRIGATION SCHEDULING GROU?^NUT/RABI IS Decanber 

CUmat« Sutioa : KL*RNOOL CGoute File ; kune-at 

Crop : GROUNDNTTT/RABl Plantuig date : 15 Decmber 

So3 : RmI Sandy Loan Availabte Soiknout : 140 mm/m 

Irrigatioa Options selected : 

Tuning : Dates dcliaed by aser:/ 40 / 50/ 60 / 70/80/90 /lOO 

Application : Fixed Irrigation depth of 45 mm 



No. lot Date 

Irr. days 

Stage 

Deplet 

% 

TX 

% 

ETA 

% 

VetOep. 

mm 

Deficit 

mm 

Lom 

mm 

GrDep. 

mm 

Flow 

L/s/ha 

1 40 25 Jan 

B 

S3 

100 

100 

45.0 

7.0 

0.0 

643 

0.19 

2 10 5 Fd> 

B 

38 

100 

100 

45.0 

0.0 

2.6 

643 

0.74 

3 10 15 Feb 

C 

39 

100 

100 

45.0 

0.0 

1.1 

643 

0,74 

4 10 25 Feb 

C 

43 

100 

100 

45.0 

3.7 

0.0 

643 

0.74 

5 10 5 Mar 

C 

50 

100 

100 

4S.0 

11.1 

0.0 

643 

0.74 

6 10 15 Mar 

D 

58 

93 

99 

45.0 

20.0 

0.0 

643 

0.74 

7 10 25 Mar 

D 

62 

82 

97 

45.0 

25.0 

0.0 

64J 

0.74 

END 11 6 Apr 

D 

62 

83 

97 






Total Grou Irrigation 

450.0 mm 


Total Rainfall 


10.0 mm 




Total Net Irrigation 

315.0 mm 


Effectire Raia 


10.0 mm 




Total Irrigatioa Losses 

3.7 mm 


Total Rain Loss 


0.0 mm 




EflidcQcy Irr. Schedule 

98.8% 


Efncioicy Rain 


100% 




Deficiency Irr. Schedule 

0.8 % 









YIELD REDUCTIONS 

Stage A 

B 

C 

D 

Season 





Reductions in ETC 

0.0 

0.0 

0.0 

2.5 

0.8 

% 




Yield Response factor 

0.4C 

0.60 

1.00 

0.80 

0.80 





Reductions in Yield 

0.0 

0.0 

0.0 

2.0 

0.6 

% 




Cniliitire Yield reduct. 

0.0 

0.0 

0.0 

2.0 


% 
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Groundnut 


Run 7 


IRRIGATION SCHEDULING 

ClioMte Slatioa t KURNOOL 

Crop : CROUNDNUT/R.VBI 

Soil : Red Sand 

IrrigatMMi Optioiks selectfd : 

Tuning ; Dales defined by user:/ 40 / 50/ 60 / 

AppUcatioa : Fixed Irrigation depth of 45 mm 

GROUNDNX'T/RABl 15 December 

Climate File : kum-av 

Planting date : 15 December 

Availahle Soilmoist : 100 mm/m 

70 / 80 / 90/100 



No. Int 

Date 

Stage 

Deplet 

TX 

ETA NelDep. 

Dendt 

Low 

GrDep. 

Flow 

Irr. days 



% 

% 

% mm 

mm 

mm 

mm 

L/s/ha 

1 40 

25Jaa 

B 

69 

68 

93 45.0 

3J 

0.0 

64J 

0.19 

2 10 

5 Feb 

B 

48 

100 

100 45.0 

0.0 

6J 

64J 

0.74 

3 10 

15 Feb 

C 

55 

100 

100 45.0 

0.0 

1.1 

64J 

0.74 

4 10 

25 Feb 

C 

60 

91 

99 45.0 

3J 

0.0 

64J 

0.74 

5 10 

5 Mar 

C 

67 

76 

96 45.0 

8.7 

0.0 

64J 

0.74 

6 10 

15 Mar 

D 

73 

63 

92 45.0 

13.4 

0.0 

64J 

0.74 

7 10 

25 Mar 

D 

74 

60 

89 45.0 

14.2 

0.0 

64J 

0.74 

END 11 

6 Apr 

D 

70 

68 

92 





Total Gross Irrigation 

450.0 mm 


Total Rainfall 

10.0 mm 




Total Net Irrigation 

315.0 mm 


Effective Rain 

lO.O mm 




Total Irrigation Losses 

7J mm 


Total Rain I.oss 

0.0 mm 




Efficiency Irr. Schedule 

97.7 % 


Efficienry Rain 

100 % 




Defkkncy Irr. Schedule 

5.1 » 








YIELD REDUCTIONS 

Stage A 

B 

C 

D Season 





Reductions in ETC 

0.0 

4.0 

1.4 

10.9 5.1 

% 




Yield Response factor 

0.40 0.60 

1.00 

0.80 0.80 





Reductions in Yield 

0.0 

3.0 

1.4 

8.7 4.0 

% 




Cuniulative Meld reducl. 

0.0 

3.0 

4J 

12.6 

% 




Groundnut : 

Run 8 










IRRIGATION SCHEDULING 

GROUNDNUT/RABl 15 December 



Climate Station 

: KURNOOL 


Oimate llle 

: kurO'av 




Crop 

: CROUNDNUT/RABl 

Planting date 

: 15 December 



Sod 

: Red Loam 


Available Soilmoist 

: 180 mm/m 




Irrigaticia Options selected : 









Tinting « 

Dates denned by user:/ 40 / 50 / 60 / 70 / 80 / 90 /lOO 





Application 

Plxed IrrigadoD depth of 45 mm 







No. Inl 

Date 

Stage 

Deplet 

TX 

ETA NetDep. 

Deficit 

l4MS 

GrDep. 

Flow 

Irr. days 


- 

% 

% 

% nun 

mm 

mm 

mm 

UsAia 

1 40 

25 Jan 

B 

41 

too 

100 45.0 

7.0 

0.0 

64J 

0.19 

2 10 

5 Feb 

B 

29 

100 

100 45.0 

0.0 

2.6 

64J 

\0.74 

3 10 

15 Feb 

C 

30 

100 

100 45.0 

0.0 

1.1 

64J 

0.74 

4 10 

25 Feb 

C 

34 

100 

100 45.0 

3.7 

0.0 

64J 

0.74 

5 10 

5 Mar 

C 

39 

100 

100 45.0 

11.1 

0.0 

64J 

0.74 

6 10 

15 Mar 

1) 

45 

too 

too 45.0 

20.4 

0.0 

64.3 

0.74 

7 10 

25 Mar 

D 

50 

100 

100 45.0 

26.8 

0.0 

64J 

0.74 

END 11 

6 Apr 

1) 

50 

100 

100 





Total Gross Irrigation 

450.0 mm 


Total Rainfall 

10.0 mm 




Total Net Irrigation 

315.0 mm 


Effective Rain 

10.0 mm 




Total Irrigation Losses 

3.7 mm 


Total Rain Loss 

0.0 mm 




Eflkieiicy Irr. Schedule 

98.8% 


Efficiency Rain 

100 % 




Deficiency Irr. Schedule 

0.0 % 
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Cotton 


Run 1 



IRRIGATION SCHEDULING 

COTTON 

1 August 



CKiale SUUmw : KURNOOL • kani-«T 

Cr»p : COTTON PUatug d«te s 1 August 

Sofl : Black Clay Sofl A*a3abla SnJioiit : 2W mmUm 

IrrigatMu OpcioM teiectcd : 

HuuBg : Irrigatiou applied ai 100 % Readib' Available Moiel. 

Applicatiou : Flud Irr^pdkm depth of 45 aua 



No. lat 

Date 

Stage 

OqllM 

TX ETA 

NetDep. 

OaTidl Loa 

GrDcp. 

Flow 

Irr. days 


- 

% 

% % 

mm 

nun mm 

BUB 

L/t/ha 

1 130 

10 Dec 

C 

61 

100 100 

171J 

0.0 0.0 

244.8 

0J2 

END 51 

IFcb 

D 

55 

100 100 





Total Grou trri^tkm 

244 J nun 


Total Kainfal 


366.9 mm 



Total Net Irrigatioa 

171.3 nun 


Effective Ran 


270.5 mm 



Total Irn^lwB Lessee 

0.0 mai 


Total Raia Loss 

96.4 mm 



EIfkicacy Irr. Schedule 

100.0% 


Efficicacy Raio 

73.7 % 



Defideacy Irr. Schedule 

0.0% 







Cotton : 

Run 2 









IRRlCf ATION SCHEDUUNG COTTON 

1 August 



Clhaate Statioa 

: KURNOOL 


CKaiate File 


: Icnna-av 



Crop 

: COTTON 


Planting date 


: 1 August 



Soil 

: Bbck Clay Soil 


Avaflable Soilmnist 

: 100 mm/m 



IrrigatiaB Optiaas selected : 








Thaiag 

Fixed defdettoa of 80 aeia 






Applicatioa 

Fixed IrrigatiaB depth of 80 (am 






No. lat 

Date 

Stage 

Depkt 

TX ETA 

NetDep. 

Deficit Loes 

GrDcp. 

Flow 

Irr. days 


- 

% 

% % 

mm 

mm mm 

mm 

L/s/ha 

1 103 

13 Nov 

C 

29 

100 100 

80.0 

OJ 0.0 

114J 

O.U 

2 23 

ODoc 

C 

29 

100 100 

80.0 

0.5 0.0 

114J 

0.58 

3 23 

29 Doc 

D 

29 

100 100 

80.0 

0.1 0.0 

1143 

038 

4 28 

ITJa. 

D 

29 

100 100 

M.0 

OJ 0.0 

114J 

047 

END 4 

1 Feb 

D 

3 

100 100 






Total Gram Irrigatiou 

457.1 mm 

Total Rainfall 

366.9 mm 

Total Net Irrigatioa 

320.0 mm 

Effective Raia 

266.6 aim 

Total Irrigation Losses 

0.0 mm 

Total Raia Loss 

100 J mm 

EIfkicacy Irr. Schedalo 
Deficiaicy Irr. Schedide 

100.0% 

0.0% 

Efficicacy Rain 

72.7% 
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Cotton 


Run 3 



Cotton : Run 4 



I 
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Colton 


Run 5 



No. 

Irr. 

1st 

days 

Date 

Stage 

Deptet 

% 

TX 

% 

ETA 

« 

NetDep. 

mm 

Defkit 

nun 

Lou 

mm 

GrDep. 

Flow 

L/s/ba 

1 

100 

10 Nov 

C 

24 

100 

100 

70.0 

0.0 

1.7 

100.0 

0.12 

2 

20 

1 Dec 

C 

24 

too 

too 

70.0 

0.0 

2J 

100.0 

0J8 

3 

20 

20 Dec 

D 

25 

100 

100 

70.0 

0.6 

0.0 

100.0 

058 

4 

20 

10 Jan 

0 

23 

100 

100 

70.0 

0.0 

4.4 

100.0 

058 

END 

21 

1 Feb 

D 

19 

100 

100 







Total Grou Irrigatioa 

400.0 mm 

Total Rainfall 

366.9 mm 

Total Net Irrigatioa 

280.0 mm 

FiTectivc Rate 

2705 mm 

Total Irrigation Louea 

85 mm 

Total Rate Loea 

96.4 mm 

Efficiency Irr. Schedule 

97.0% 

Efficieacy Rate 

73.7% 

Defkieocy Irr. Schedule 

0.0% 





Cotton ; Run 6 

IRRIGATION SCHEDULING COTTON I Aufuit 

Climate Sutioa : KURNOOL Clwiate Fite : kurn-aT 

Crop : COTTON Flantinc date : 1 August 

Soil Sandy loam Available SoUmoest : 140 ami/m 

Irrigation Options selected : 

Timifig : Dates defined by user :/l 00 /1 20 /140 /1 60 
Application : Fixed Irrigation depth of 70 mm 


No. lot Date Stage Deptet TX ETA NeiDcp. Deficit Loss GrDcp. Flow 

Irr. days % % % mm min asm mm L/i/ka 


1 

100 

10 Nov 

C 

35 

100 

100 

70.0 

0.0 

1.7 

100.0 

o.u 

2 

20 

1 Dec 

C 

35 

100 

100 

70.0 

0.0 

25 

100.0 

058 

3 

20 

20 Dec 

D 

36 

100 

100 

70.0 

0.6 

0.0 

100.0 

058 

4 

20 

10 Jan 

D 

33 

100 

too 

70.0 

0.0 

4.4 

100.0 

058 

FAD 

21 

1 Feb 

D 

27 

100 

100 







Total Grou Irrigatioa 

400.0 mm 

Total Rainfall 

366.9 nun 

Total Net Irrigatioa 

280.0 mm 

Effective Rate 

350.0 mm 

Total Irrigation Lossee 

85 mm 

Total Rate Lou 

16.9 mm 

Enkteocy Irr. Schedule 
Deficiency Irr. Schedule 

97.0% 

0.0% 

Efficiency Rate 

95.4% 
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Cotton 


Run 7 



IRRIGATION SCHEDULING COTTON 

1 August 




ClimXe Stetioo : KURNOOL Clbuie FSe 

Crop : COTTON naotiim dale 

Sod : R«d Saod Available SoDiaoisl 

IrrisatMM Opiioas selected : 

Timioi : Data deTined by user :/100 /120 /140 /160 

AppUcatioo : Fixed Irrigatioa depth of 70 mm 

: kuni-av 
: 1 August 
: 100 mm/m 




No. lot Date 

Stage 

Depict 

TX ETA 

VetDep. 

De6cit 

Loss 

GrDep. 

Flow 

Irr. days 

- 

% 

% % 

nmi 

mm 

mm 

mm 

L/s/ha 

1 100 10 Nov 

C 

49 

100 100 

70.0 

0.0 

1.7 

100.0 

0.12 

2 20 1 Dec 

C 

48 

100 100 

70.0 

0.0 

2J 

100.0 

0J8 

3 20 20 Dec 

D 

50 

100 100 

70.0 

0.6 

0.0 

100.0 

0.58 

4 20 10 Jao 

D 

47 

100 100 

70.0 

0.0 

4.4 

100.0 

0J8 

END 21 1 Feb 

D 

38 

100 100 






Total Gross Irrigatioo 

400.0 mm 


Tatal Rainfall 


366.9 mm 




Total Net Irrigatioo 

200.0 mm 


Effective Raio 


268.1 mm 




Total Irrigatioa Losses 

8 J DUD 


Total Rain Loss 


98.8 mm 




Efndeocy Irr. Schedule 

97.0 % 


EfBciency Raia 


73.1 % 




Deficiency Irr. Schedule 

0.0% 








Cotton ; Run 8 


IRRIGATION SCHEDULING COTTON 1 August 




Climate Station : KURNOOL 


Climate File 


: kuni-dry 




Crop : COTTON 


Flantiag date 


! 1 August 




Sod : Uack Clay Sod 


Available Sodmotst 

: 200nmi/m 




Irrigalioo Options sdecled : 









Timing : Dates defined by user :/100 /120 /140 /160 






Applicadoo : Fixed Irrigatioa depth of 70 nun 







No. bn Dale 

Stage 

Depict 

TX ETA 

NHDep. 

Deficit 

I.on 

GrDep. 

Plow 

Irr. days 

- 

% 

% % 

mia 

mm 

mm 

mm 

L/s/ha 

1 100 10 Nov 

c 

41 

100 100 

70.0 

45.8 

0.0 

100.0 

0.12 

2 20 1 Dec 

C 

42 

100 100 

70.0 

46.9 

0.0 

100.0 

OSS 

3 20 20 Dec 

D 

42 

100 100 

70.0 

48.1 

0.0 

100.0 

OSS 

4 20 10 Jan 

D 

40 

100 100 

70.0 

43J 

0.0 

100.0 

OSS 

END 21 1 Feb 

D 

34 

100 100 





• 

Total Gross Irrigatioa 

400.0 BUB 


Total Rainfall 


240.1 mm 




Total Net Irrigatioa 

280.0 mm 


Effective Raia 


218J nun 




Total Irrigatioa Losses 

0.0 Item 


Total Rain Loss 

21.8 nun 




Effidency Irr. Sckedule 

100.0% 


Efficiency Rain 


90.9 % 




Dcficieocy Irr. Schedule 

0.0% 
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Cotton 


Run 9 


IRRIGATION SCHEDULING COTTON 1 AagaH 

CBourtc SCaiicM : KURNOOL Climate F3e : Imn-wct 

Crop ! COTTON naatmt date 2 1 Aapuit 

Son : Black Clay Sod AratteUe Sodabout : 2Mami/m 


IrrifMMM Optwos Mtected : 

T1mii« : Daim defiacd by user :/i00 /120 /140 /160 
AppBcatioa : Haad Irrifatwo depUi of 70 mm 


No. 

Irr. 

Ite 

dayi 

Date 

Stage 

Dcptet 

% 

TX 

% 

ETA 

« 

NetDcp. 

mm 

Deficit 

auB 

Lam 

mm 

GrDcp. 

aui 

Flaw 

L/s/ha 

1 

100 

10 No* 

C 

U 

100 

100 

70.0 

0.0 

25.4 

100.0 

o.u 

2 

20 

1 Dm 

c 

23 

100 

100 

70.0 

0.0 

44 

100.0 

040 

3 

20 

20 Doc 

D 

25 

100 

100 

70.0 

0.0 

0.9 

100.0 

040 

4 

20 

10 Jan 

D 

23 

100 

100 

70.0 

0.0 

5J 

100.0 

04S 

END 

21 

1 Fob 

D 

19 

100 

100 







Total Grom Irrigatkat 

400.0 mm 

Total Rakifall 

SUJaw 

Total Net IrngatioB 

200.0 mm 

CffactiTe Raia 

3174 mm 

Total IrrigatkMi Loom 

38.4 mm 

Total Ram Lam 

195.8 mm 

Effidency Irr. Schedule 
Drfickmry Irr. Schedide 

86 

0.0% 

Enkicncy Rma 

41.9% 


Cotton : Run 10 


IRRIGATION SCHEDULING COTTON 1 Aiifast 

CBmate SlaHon : KURNOOL Cimate FRc : b an a-w te 

Crop : COTTON Plaatinf date : 1 Aagast 

Soa : Black C^Soa AraOable SoOmoite 2 200 mm/m 


Irnpalioa OptioM adactad : 
riming : Datm deTmed by osar :/120 /140 /160 
AppBcatioa : Ffaced Irrigadoa depth of 70 mm 


No. 

Irr. 

lat 

day* 

Ditu 

Stage 

Deplet 

% 

TX 

% 

ETA 

% 

NotDcp. 

Deficit 

Ldoa 

GrDep. 

Flow 

Ut/ha 

1 

120 

1 Doc 

C 

38 

100 

100 

704 

374 

0.0 

1004 

0.10 

2 

20 

20 Doc 

D 

38 

100 

100 

70.0 

34.7 

0.0 

100.0 

048 

3 

20 

10 Jaa 

D 

34 

100 

100 

70.0 

31.4 

0.0 

1004 

048 

END 

21 

1 Feb 

D 

30 

100 

100 







Total Grom IrrigatMa 

300.0 mm 

Total Rainfall 

5134 mm 

Total Not Irrigatioa 

210.0 mm 

EffoctiTC Raia 

3174 mm 

Total Irrigation Lomea 

0.0 mm 

Tatal Ram Lorn 

1954 mm 

Efficiency Irr. Schedule 
Dcficiatey Irr. Schedule 

100.0% 

04% 

Efficieacy Ram 

41.9% 
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APPENDIX 4.2 

EVALUATION OF DIRIGATION PRACTICES 

1. Climate File 1986 

2. Adjusted Sorghum File 

3. Crop Water Requiremeols HYV Sorghum 

4. Irrigation Schedule as practised by bmier 

5. Adjusted Irrigation Schedule 

6. Farmer’s practice for average year 
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1. Climate Tile 1986 


Climate file : kurn-86 


January 

February 

March 


Climate Station 


June 

6.8 i 

July 

August 

September 

October 

November 

December 

5.7 : 

5.5 1( 
4.9 

4.3 II 

3.6 1 

3.4 


ETo 

Rainfall 

Eff. Rain 

(mm/day) 

(mm/month) 

(mm/month) 



YEAR Total 


362,5 mm 


EfTcctiTe Rainfall with USBR method 


2. Adjusted Sorghum File 


Crop data : 

HYV SORGHUM 

Crop file 

; hyv-sorg 




Growth Stage 


Init 

Devel 

Mid 

Late 

Total 

Length Stage 

[days] 

27 

35 

35 

30 

127 

Crop CoefTicient 

[coeff.j 

0.50 

-> 

1.15 

0.60 


Rooting Depth 

[meter] 

0.30 

-> 

1.00 

1.00 


Depletion level 

[fract.] 

0.50 

-> 

0.50 

0.80 


Yield-response F 

[coeff.) 

0.60 

0.60 

1.20 

0.80 

1.00 


3. Crop Water Requirements Sorghum 


Crop Evapotranspiration and Irrigation Requirements 

Oiaiate File : 

KURN-AV 


Climate Station 

KURNOOL 




Crop 


IIYV Sorvfauni 


Planting date : 

13 September 




Mootb 

Dec 

Stage 

Coeff 

ETcrop 

ETcrop 

Err.Rain 

IRKeq. 

IRReq. 




Kc 

mm/day 

mtu/dec 

mm/dec 

mm/day 

mm/dec 

Sep 

2 

iait 

0^0 

2.46 

173 

24.6 

0.00 

0.0 

Sep 

3 

init 

030 

235 

233 

323 

0.00 

0.0 

Oct 

1 

ink 

030 

2J4 

22.4 

30.0 

0.00 

0.0 

Oct 

2 

deve 

039 

233 

253 

27.4 

0.00 

0.0 

Oct 

3 

deve 

0.78 

3.16 

31.6 

20.6 

1.10 

11.0 

Nov 

1 

deve 

0.96 

3.71 

37.1 

13.1 

2.40 

24.0 

Nov 

2 

de/nti 

1.10 

4.02 

40J 

5.9 

3.42 

343 

Nov 

3 

mid 

1.15 

4.08 

403 

4.1 

3.67 

36.7 

Dec 

1 

mid 

1.15 

3.97 

39.7 

23 

3.74 

37.4 

Dec 

2 

mid 

1.15 

3.86 

38.6 

03 

3.81 

38.1 

Dec 

3 

bite 

1.06 

3.72 

373 

0.4 

3.68 

36.8 

JM 

1 

Late 

0.88 

3.21 

32.1 

03 

3.19 

31.9 

Jaa 

2 

late 

0.69 

2.64 

26.4 

0.0 

2.64 

26.4 

TOTAL 





411.9 

1613 


2763 
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lrri);ation Schedule as Practised by Farmer 


IRRIGATION SCHEDULING 


ilYV Sorglkum 13 September 


Climate Sutioa 

Crop 

So3 


: KURNOOL 
: IlYYSoialram 
: RedCUy 


Climate Hie 
Plan tins date 
Available Soilmoist 
loitial SoOmoUt 


Irrigatiob Optiuits selected : 

Timing : Dates defined by user :/ 72 / 93 /1 14 
Applicatioo : Fued Irrigation depth of 70 mm 

Field AppUcatkm EfTicieocy 70% 


kuni*86 
13 September 
180 mm/m 
180 mm/m 


No. 

Irr. 

Int 

days 

Date 

Stage 

Deplet 

% 

TX 

% 

ETA 

% 

NetDep. 

mm 

Deficit 

mm 

L4MS 

GrDep. 

mm 

Flow 

L/s/ha 

1 

72 

25 Nov 

C 

27 

100 

100 

70.0 

0.0 

21.4 

100.0 

0.16 

2 

21 

UDec 

C 

39 

100 

100 

70.0 

0.0 

OJ 

100.0 

QS5 

3 

21 

7 Jan 

D 

42 

100 

100 

70.0 

5.1 

0.0 

100.0 

OSS 

END 

14 

21 Jon 

D 

23 

100 

100 






Total Gross Irrigatioa 

300.0 mm 


Total Rainfall 


184.4 mm 





Total Net Irrigatioa 210.0 mm 

Total Irrigatioo I.osses 21.7 mm 

Moist Deficit at harvest 41.1 mm 

Net Supply + Sod rvtcBtion 251.1 mm 

Actual Water use by crop 411.9 mm 
Potential Water use by crop 411.9mm 

Elficieocy Irr. Schedule 89.7 % 

Deficiency Iir. Schedule 0.0 % 


Effective Rain 
Total Rain l/oss 


Actual Irr.Req 


Efficieocy Rain 


No yield reductions due to water shortage- 


5. A^jiLsted Schedule 


IRRIGATION SCHimULlNG 


IlYV Sorghum 13 September 


Climate Station 

Crop 

Sod 


: KURNOOL 
: HITV Sorghum 
: RedCUy 


Climate File 
Planting date 
Available Soilmoist 
Initial Sodmoist 


: kuf«-8d 
: 13 September 
: 180 mm/m 
: 180 mro/m 


Irrigation Options selected : 

Timing : Dates defined by user :/ 80 /101 
Application : Fixed Irrigation depth of 70 mm 


Field Application F^fficicticy 70% 


No. 

Irr. 

lot 

days 

Date 

Stage 

Deplet 

% 

TX 

% 

ETA 

% 

NetDep. 

mm 

Deficit 

mm 

Loss 

mm 

GrDep. 

mm 

Flow 

L/s/ha 

1 

80 

3 Dec 

C 

41 

100 

100 

70.0 

3.4 

0.0 

100.0 

0.14 

2 

21 

24 Dec 

D 

44 

100 

100 

70.0 

8.6 

0.0 

100.0 

055 

END 

27 

21 Jan 

D 

50 

100 

100 






Total Gross Irrigatioa 

200.0 mm 


Total Rainfall 


184.4 mm 




Total Net Irrigation 

140.0 mm 


F^ffective Rain 


182 J mm 





Total Irrigatioa Losses 0.0 nun 

Moist Deficit at harvest 89.4 mm 

Net Supply + Sod retention 229.4 mm 

Actual Water use by crop 411.9 mm 

Potential Water use by crop 41 1 .9 mm 

Efficiency Irr, Schedule 100.0% 

Deficiency Irr. Schedule 0.0 % 


Total Rain Loss 


Actual Irr.Req 


Efficiency Rain 


No yield reductions due to water shortage. 


Copyrighted material 





FAO TECHNICAL PAPERS 


FAO IRRIGATION AND DRAINAGE PAPERS 

1 Irrigation practice and water management. 1972 
(Ar- E- F- S') 

t Rev.1 Irrigation practice and water management. 1984 (E) 

2 Irrigation canal lining. 1971 

(New edition, 1977. available in E, F and S in tbe 
FAO Land and Water Development Series. No. 1) 

3 Design criteria fer basin irrigation systems. 1971 (E*) 

4 Village irrigation programmes - a new approach in 
water economy. 1971 (E* F) 

5 Automated irrigabon, 1971 (E* F' S') 

6 Drainage of heavy soils. 1971 (E* F S') 

7 Salinity seminar. Baghdad. 1971 (E* F) 

8 Water and the environment, 1971 (E* F* S') 

9 Drainage materials, 1972 (E* P S') 

10 Integrated farm water managemeni 1971 {£’ F' S') 

11 Planning methodology seminar, Bucharest. 1972 
(E' P) 

12 Farm water management seminar. Manila. 1972 (E*) 

13 Water use seminar. Damascus, 1972 (E* F”) 

14 Trickle irrigation, 1973 (E* F' S') 

15 Drainage machinery. 1973 (E* F“) 

16 Drainage of salty soils, 1973 (C* E* F* S') 

17 Man's influence on the hydrological cycle, 1973 
(£• F' S') 

18 Groundwater seminar. Granada. 1973 (E* F S) 

19 Mathematical models in hydrology. 1973 (E) 

20/1 Water laws in Moslem countries -Vol 1. 1973 

(E'F) 

20/2 Water laws in Moslem countries - Vol. 2, 1978 (E F) 

21 Groundwater models, 1973 (E) 

22 Water for agriculture - index. 1973 (E/F/S*) 

23 Simulation methods in water development. 1974 
(E F' S') 

24 Crop water requirements, (rev.) 1977 (C' E F S) 

25 Effective rainfall. 1974 (C' E' F' S') 

26/1 SmaH hydraulic structures - Vol. 1, 1975 (E F S) 

26/2 Small hydraulic structures - Vol 2. 1975 (E F S) 

27 Agro-meleorological field stations. 1976 (E P S') 

28 Drainage testing. 1976 (E F S) 

29 Water quality for agriculture. 1976 (E' F' S') 

29 Rev 1 Water quality for agncuKure. 1985 (C" E F S) 

30 SeH-heip wells. 1977 (E) 

31 Groundwater pollution. 1979 (C* E S) 

32 Deterministic models in hydrology. 1979 (E) 

33 Yield response to water, 1979 (C* E F S) 

34 Corrosion and encrustabon in water weUs. 1980 (E) 

35 Mechanized spnnkter irrigation, 1982 (C E F S) 

36 Localized irrigation, 1980 (Ar C E F S) 

37 And zone hydrology. 1981 (C" E') 

38 Drainage design factors. 1980 (Ar C E F S) 

39 Lystmelers. 1982 (C E F S) 

40 Organization, operabon and maintenance of 
irrigation schemes, 1982 (C" E F S") 

41 Environmental management for vector control In nee 
fields. 1984 (E F S) 

42 Consultabon on irrigation in Africa. 1987 (E F) 

43 Water lifting devices, 1986 (E) 

44 Design and optimization of irrigation distribution 
networks. 1980 (E F") 

45 Guidelines for designing and evaluabng surface 
irrigabon systems. 1989 (E) 

46 CROPWAT - a computer program for irrigation 
planning and management 1992 (E F S) 

47 Wastewater treatment and use in agriculture. 1992 
(E) 


46 The use of saline waters for crop production. 1993 

(E) 

49 CLIMWAT for CROPWAT. 1993 (E) 

50 Le pompage aolien. 1994 (F) 

Availability; March 1994 

Ar - Arabic Multil - Multilingual 

C - Chinese * Out of pnnt 

E - English " In preparation 

F - French 
P - Portuguese 
S •> Spanish 

7?re FAO Technical Papers are available through the authonzed 
FAO Sales Agents or dire<^ly from Disinbatton and Sales Sechoft. 
FAO. Viaie dede Terme <Ji CarecaUa. 00100 Rome. Italy 
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